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Plants having modified growth characteristics and a method for. 

making the same 

The present Invention concerns a method for modilying plant growth charactensb'cs. More 
5 specffically. the present Invention concerns a method for modifying plant grow&i <^arBcterfstice 
by modulating expression of a nucleic add sequence encoding a zlnc^finger protein and/or 
activity of a zino-finger protein In a plant The presait Invention also concerns plants havir^ 
modulatad expression of a nudeic add sequence encoding a zino-flnger protein and/br 
modulatBd activHy of a zlnoflnger protein, which plants have modified growth characteristics 
10 lelafive to oorresponc^ wild type plants. 

Given the ever^ncTBssIng worid populatk>n, it remalnB a major goal of agricultural research to 
improve the eflidenqf of agriculture and to inaoase fiie diversify of plants fn hor^cuiture. 
Genetic engineering of plants entails the Isolation and manipulation of genetic mateifat 
15 (typically in the fonii of DISIA or RNA) and the subsequent Introdudton of that genetic material 
into a plant Such technology has led to the development of pianie having various improved 
economic agronomic or horticultural traits. A trait of particular eoononilo Interest Is high yield. 

Since the discovery of zinc finger domains In the Xenopus transcription factorTFIilA, hundreds 
20 of proteins have been described encoding this nudeic add binding domain fn a variety of 
organiems. In the genome dt Arabidopsis ihattarm more than 200 zinc finger proteins have 
been predicted. The canonical 2F (zinc fing^ sequence C2H2 (C)C2_4CX3l=X5LX2HX3-5H) 
contains 2 cysteines and 2 htstldines that coordinate a zinc atom, creating a compact nucleic 
add-bindlng domain. It has also been suggested that a Zn-oerrtied domain could be used In a 
25 protein interaction, e-g. in protein Kinase C. Multiple zinc finger domains can be found as 
tandem arrays In ZF proteins. In addition other domains can also be present Thes 2 
diaracteristics, number of ZF and presence of other domains are used as criteria to dassily 
this proteins. In addition to the conserved zinc Ifgand residues a number of other positions are 
also Important for the structural integriiy of the C2H2 zinc fingers. The best conserved position 
30 isfound four residues afferthe second cysteine; it is generally an aromatic or aliphatic residue. 
Plant 2infr#Tger proteins are charaderfeed by long spacers of diverse lengths between 
adjacent fingers and a highly consented sequence. QALGGH, located within a putetive DIMA- 
contacting surface of each finger 

Zinc lingers domains are present in many type 'of proteins and binding to both DNA and Ri^JA 
35 binding has been shown for some members of this family- l^owever the majority are DIMA 
binding transcription factors. They can act as transcriptional activators such ae SP1 (Kadonaga 
ef a/.. CeU 51 (6) 107&.10902 (1987)) and ADI« (Blumberg et at.. IMatuie 32a (6129) 443-445 
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(1987)) or transolptional repressors such as Kruppel and ZF5 or the onoogene WRm's tumor 
factor 1 '(VVT1). Mariy of them have baer) shewn to play diverse roles In development soma of 
them affecSng organ specification, or cell proliferation. 

In plants only very zing finger profelns have been analysed. Mutational analysis, expression 
5 studies, fbnA/ard genetics or complemerttation assays have been used to defined the function 
of these genes. The few ZF genes to which a function has been assigned support a role in 
plant developmental processes linked to organ specifications, particularly of flowers, leaves 
and lateral roots (Colasanti ef a/.. Cell 93 (4) 593-603 (1998); Luo ef si. PNAS 96 (1) 288-301 
(1999); Takatsi^i, Plant Mol BioL 39 (6) 1073-1078 (1999))- The best-characterteed 

10 Arabldopsls ZF protein is Superman, whidi encodes a protein encoding a single C2H2 
domain. Involved in floral organogenesis. Overexpresslon of fhe arabldopsls sup gene in 
arabldopsis plants suppresses development of stamens and petals (Yun et aL^ Plant Cell 
Physiol 43 (1) 52-57 (2002). When the Atabicf apsis gene is oveiexpressed bi rfce the flowers 
showed reduced stamen number and other abnormantles In flower organs. Rice plants with 

IS high egression of the Ambidop^is superman gene showed Juvenile death and dwarf plants. 
Another eocampie shows that ectopia expression of zlno-flnger proteins leads to disruption of 
development, thus over^resslon of atZATIO in tobacoo resulted In plants dvrarftem, 
abnormal leaf pheno^es, and early flowering (Dlnkfns et al.. Plant Cen Physloi.43 (7) 743-7S0 
2002). 

20 

Other plant proteins with one single zinc finger C2H2 have been shown to play a role in 
development of other organs, such as the seeds, via the mechanism of Fertilization 
Independent seed development (Fis) (Luo et aL, PNAS 96 (1) 296-301 (1999)), In the leaves, 
by SERRATE Prlgge and Wagner et a/., Plant Cen 13 (6) 1263-1279 (2001), in the shoot, At 

25 ZFP1 (Chrispeels et a/.. Plant Mol Biol. 42 (2) 279-290 (2000)). Misexpresslon of members of 
tfie AfZFI, characfertsed by a single C2H2 domain and a short C-term leudne domain has 
profound consequences for plant morphology (Tague et a/.. Plant Mol BloL 32 7B5-796 (1997) 
). Members of other type of zinc finger proteins, encoding a yabby domain, defined by a 
combinaton of a zinc finger and a helix-Ioop-helfoc domain, have been ImpiicatBd in floral organ 

30 development Arabldopsls proteins with yet another type of rfnc finger domain, a DomOA. of 
type of those found tn steroid homnone receptors, have been propose to act on a maternal 
switch that controls seed germination. Several anther specific zinc finger proteins rn petunia 
are presumed to be involved in the regulation of gametogenesis. 

$$ — A^subsetjot Plant zinc finger proteins charac terized by having 2 zinc finger domains have been 

primarily implicated In the response of plants to various stresses (Sakamoto et 9/.7~&sner248~ 
f±a^ 23-32 (2QQQ) >. Expres sion of AZF1, AZ F2, AZF3 and ST27ZAT10 Is upregOIated by water 

2 
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stress or high salt exposure. AH of them except AZF2 are also upregulated by cold stress. The 
soyliean SCOF-1 gene is also upregulated by ABA and cold but not dehydration or salinrty. 
All thte ZF proteins play a role in the regulation of gen© expression under abiotic stresses 
however their mechanism of action can be very different STZAZATIO has been propose to be 
5 transcriptional repressor and has been shown to act as such on the promoter of a stress 
response gene, rd28A. This repression Is thought to be mediated through direct DIMA binding 
(Lee et al, EiWBO J 21 (1 1) 2692-2702 (2002)). Very different Is the regulation of stress genea 
by the soybean homolc^ue SCOF-1 . which Is regarded as a transcriptional activator. Activation 
Is thought to be through a protein-protein InteracHoh rather than dh^ct DMA binding to tiie 

10 promoter sequences. SCOF-1 binds to the transcription factor that makes the direct contact 
With the promoter sequences^ leading to enhancement of gene esqsresslon of stress genes 
(Kim ef a/.. Plant J. 25 (3) 247-269 (2001)). Despite their difTerent mechanism of acflons, both 
STZand SCOF-1 have been used to enhanced abfottc stress tolerance when overexpress In 
an organsim, STZ Increases salt tolerance In yeast (Upunner et a/., J Biol Ghem. 271 (22) 

15 12859-12866 (1996)) and the SCOF-1 gene under control of the CaiWV 35 S promoter, 
enhances cold tolerance In Arabldopsis (Kim e* a/.. Plant J. 25 (3) 247-259 (2001)). 

Regulation of ZF proteins in plants has not been studied in detail. Cleariy different members of 
the ZF prx>tein family are differently regulated. At the transcriptional level mRNA levels can be 

20 regulated difKBrsntlaity according to tissue, cell type or In response to blotic and abiotic 
stresses end also developm^itai regulation has been shown for some members. Another level 
of regulab'on proposed lias been at the posttranscriptlonal level. A further level of regulation of 
the activity is by localization of the protein. ^The site of acUori for many of these proteins is the 
nudel, some of them have a nuclear iocaiization signal to diroct the proton to the nudel (Kim 

25 et al. 2001 ). A further level of regulation of ZF proteins couid be the modification of the relation 
between the site of ZF protein versus the site of acQon. Anottier zinc finger protein that 
controls transition to flowering In maize, idl, has been shown to act In a non-cell-autonomous 
fashion, i.e. is worics on another cell than the cell in which It is syntheslsed or present 
(Colasanti et a/-, Cell 93 (4) 593-803 (1998)). These mechanisms can all be used to alter the 

30 activity of a ZInoflnger protein in a plant ceil- A further level of regulation maybe the control of 
the stoichiometry and identity of the subunits present in the protein complexes in which they 
exert tlieir activity. Zinc finger proteins have been descrfbied to interact with various proteins, 
eg with other transcription fiactor which can belong to the zinc finger or to other type of famlty. 
Still another level of regulation of zinc-finger proteins is via the upstream elements of the 

35 signalling cascade, which Influences the activity of sAioflnger transcription Actors. For the STZ 
transcription tiactor two such elements have already been Identifiedp nam^ S03*2 and L08-2 
(Zhu etal, Arizona university). 
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Taken all together all the plant phenotypes described to date and ctrtalned by modulating the 
X^onLgeneenoodlnga.'nc«nger protein anchor n^dul^^^ 
^telns in the plant, whether the gene has been ovec^xpieased or mutated, showed ab:^^. 
5 growthcharacterlstlc.notdesiredforac..p.exceptfortheoo«tote^^^ 
bTthe tansgenic Plants exposing sa)F.1 . Tt^reft^ 

IseTJ^nger protein or a gene encoding a ^-^^^-P^^'^^f^^^^^^^ 
La Whether a single zlno-finger domain protein or a doubia zmo-flnger domain protein, to 
L g«>wm L^Cartstlcs (o«.er than co.d.tole,ance In c«se the zmoflnger pmtein Is 
10 a doubledncfinger protein) or yield of a plant, to make It economically more valuable. 

' ,„ the present Inventton It is described how plant growth characteristics may be modrfied by 
modulating expression In a plant of a nudeic acW encoding a zinc finger protein. 
TZZ^ b^n ft,und that not only In stress conditions, for exampie In cold stress condrtions^ 

15 but also m nom«l or even opUmal growing conditions, plant growth charactertetlcs may be 
modWed by modulating expression in a plant of a nucleic acid encoding a zinc finger protein 
TuLg in Plants having imp^ved e«,nomio v.ue. « has now been J^und *at^^^^^^ 
gr^h charactsrisflcs. other than cold stress tolerance, may be '""f ^J~^j^ 
expression in a plant of a nudeic add encoding a zln.>flnger p.^. such as Inoe^ 

20 biomass. increased plant height, increased number of panicles, ^-^^^'fj^^^^ 
seeds increased total seed yield per plant and Increased han/est Index and yield stability. It 
has riow been found that plant growth diar^cteristlcs may be modified by modulating 
expression in a plant of a nudeic add encoding a zinofinger pn^tein, wherein the plant » a 
twnocot, such as a cereal, for example in rice. 

Therefore according 1o a first embodiment of the present invention there is provided a method 
ibr modHVing the g,x>wth characteristics of a plant, comprising modulating expr^lon in a ptert 
of a nudeic acid sequence encoding a zino-finger pnrtein and/or modulating activity m a plant 
of a zincfinger protein. In a particular embodiment of the invention, the growth charadertallc is 
30 otherthan cold-tolerance, in a further embodiment of the Invention, the growth characteristic te 
improved. In another embodiment of the invention the plant with modified and/or lmpn>ved . 
growth Charad^ristlcs is a monoool. such as a cereal. 

Modulating (enhandng or decreasing) expression of a nudeic acid sequence encoding a zlno- 
-flnge.^«^ln-Oaiiodula1io.D.MttLe_ ^ of the zlno-flnger p rotein itself encompasses altered 
expression of a gene and/or altered levels of a gene product, namely a polypeptide. In specific 
~ceIls-oii4lBSuea, 
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Advantageously, modulaflon of expression of a nudeic add sequence encoding a 2dnc-flnger 
protein and/or modulation of adHvify of the zlno-finger protein Itself may be effected by 
chemical means, Le, by exogenous application of one or more compounds or elements 
5 capable of modulaflng acHvHy of the zino-flnger protein and/or capable of modulating 
expression of a zlnoflnger gene (which may be either an endogenous gene or a transgene 
Introduced into a plant). The exogenous appllcaflon may oomprise oontacting or administering 
ceils, tissues, oigans or organisms with the gene product or a homologue, derivatlva or acth/a 
fragm^th^of and/or to antibodlee to the gene product Such antibodies, may comprise^ 
10 "plantlbo^^, single chain antibodies^ IgG antibodies and heavy chain camel antibodies, as 
well as ftagmente thereof. IModulalfon of expression of a nudeic add sequence encodir^ a 
zlnchflnger protein and/or modulation of activity of the zino-flngor protein Itself may also ba 
eftected as a result of decreased levels of factors that directly or indirectly achate or Inactivate 
a zlno-flnger proton. AddWonally or alternatively, contacting or administering ceils, tissues, 
15 organs or organisms with an interacting protein or to an Inhibftor or activator of the gene 
product provides another exogenous means for modulation of expression of a nucleic add 
sequence encoding a zino4inger protein and/or for modulation of activity of the zlno-flnger 
protein itself. 

20 Th^^re, according to one aspect of the present invention, there is provided a metiiod for 
modifying the growth characteristics of a plant, comprising exogenous application of one or 
more compounds or elemente capable of modulating ^pression of a zin&finger gene and/or 
capable of modulating activity of a zinD-finger protein. 



25 Additionally or alternatively, and according to a preferred embodiment of tiie present invention, 
modulation of expression of a nucleic add sequence encoding a zino-flnger protein and/or 
modulation of acti^riiy of the dncnflnger protein itself may be effected by recombinant means. 
Such recombinant means may oomprise a direct and/or indirect approach for modulation of 
expression of a nucleic add sequence and/or adi>4ty of a protein. 

30 

For example, an Indlred approach-^may comprise tntrodudng» Into a plant, a first nudeic add 
sequence capable of modulating activity of tiie protein in question (a zano-finger protein) and/or 
capable of modulatirg tiie a}q)rBssion of tifie gene in question (a gene encoding a zlno-flnger 
protein). The ainoflnger gene or protein may be vrild type, i.e. the native or endogenous 
35 nucleic add or polypeptide. AttemaOvely, H be a protein or nudeic add derived Itom the 
same or anoUier spedes. The nudeic add/gene may then be introduced Into a plant as a 
transgene, for example by transformation* This transgene may be substantialty modified from 



5 
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Its naBve form in composition and/or genomic environment through deliberate human 
manipulation. Also encompassed by an Indirect approach for modulating activity of a anch 
finger protein and/or expression of a zino-flnger gene fs the Inhibilton or stimulation of 
regulatory sequences that drive expression of a native gene or transgene. Such regulatory 
S sequenced may be introduced Into a ptent 

A direct and preferred approach on the ottier hand comprises Introdudng Into a plant a nucleic 
acid sequence encoding a zino4inger protein or a homologue derivative or active fragment 
thereof* The nucleic acid sequence may be introduced into a plant by, for example, 

10 transfbrnratton. The nucleic acid sequence may be derived (eltiier directly or IndirecQy (if 
subsequently modified)) ftom any source provided tiiat the sequence, when expressed in a 
plant, leads to modulated expression of a zfno-finger protein nucleic add/gene or modulated 
activity of a zino-finger protein. The nucletc acid sequence may be Isolated from a microbial 
soujcer such as, yeast or fungi, or from a plant, algal or animal (Including human) source. This 

15 nucleic add may be substantially modified from its native form in composition and/or genomic 
environment through deliberate human manipulation. The nucleic acid sequence Is preferably 
a nucleic acid sequence obtained from a plant, whether from the same plant spades as to the 
plant where it Is Introduced or from a difi^nt plant spades. In a further preferred embodimOTt, 
itte gene Is originating from a dicot and the transfonned plant Is a monocot, for example an 

20 Arabldop^ gene into a cereal. Further preferably, the nucleic add sequence is isolated from 
Ambidopsis thaif^na. More preferably, the nucleic add is essentially similar to a nucleic acid as 
represented by SEQ ID NO 1 or a portion of SEQ ID NO 1, or Is a nucleic add sequence 
encoding an amino add sequence essentially similar to an amino acid sequence as 
represented by SEQ ID NO 2 or SEQ ID NO 4 or a homologue, derivative or active fragment 

25 thereof. 



Therefore, according to one aspect of the present invention, there is pnDvided a method for the 
production of plants, having modified growth characteristics, comprising Introdudng. Into a 
plant, a nudeic add sequence capable of modulating activity of a zinc finger protein andtor 
30 capable of modulating repression of a sntp-litce gene. 

"nie term zinc-finger nudeic add sequence/gene, as defined herein, refers to a nudeic acid 
sequence essentially similar to a nucleic add sequence/gene as represented by SEQ ID NO 1 
or a portion thereof, or to nudeic add sequences capable of hybridising with either SEQ ID NO 
35 iT-and to^nudelc-aeld-sefluencea-encodlnq a n amino add sequence/protein esse ntially similar 
to an amino add sequence/protein represented by S£Q ID NO 2 or to homoiogues, derivatives 
^oracHve-fragments^hereof, 
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Advantageously, the method according to tha present invention may also be practised using 
portions of a sequence repreranted by SEQ ID NO 1 or by using sequences that hybridise 
(pi^ferebly under sWngent conditions) to SEQ ID NO i or by sequences encoding 
5 homologues. derivatives or active fragments of a sequence according to SEQ ID NO 2- 

The tenn anc^lnger amino add sequenoe/prdtein encompasses proteins having at least on© 
zinofinger domain. Preferably the zlno-flnger proteins to uee In the methods of the present 
Invention have at teast two zlnSi^er dom^s: Further preferably the zlno-flngers pratoln to 

10 use In the methods oF the present Inverrtion have two zdnc-ffnger donrafns and an nuclear 
Ioc»nzatlon signal Preferably the zinc fnrtger protein used in the methods of the present 
invention belongs to the same gene family the salt tolerant zinc flng«- protein (STTZ) of 
AiatAJopsts thallana, or the homologues thereof in other plant species. Also the name ZAT10 
was used to identiiy the STZ zinofli^er protein of Arabiitopsis thalfans. Further preferably, the 

15 temi zinc-finger amino add sequence/protein refers to a protein encoding an amino add 
sequence/protein essentially simitar to an amino add sequence/protein represented by SEQ ID 
NO 2 or to homologues. derivatives or active fragments thereof. 

Advantageously, the method according to the present invention may also be practised using 
20 the protein represented by SEQ ID NO 2 or by using homologues, derivatives or acHve 
fragments of a sequence according to SEQ ID NO 2. 

A zinofinger protein encompasses a zinofinger protein essential similar to a protein as 
presented by SEQ ID NO 2. A protein essential similar to a protein as presented by SEQ ID 

25 NO 2 encompasses a protein as presented in SEQ ID NO 2. itself or, homologues, deri>^tives 
and functional firagments of SEQ ID NO 2. A zinc-finger gene encompasses a gene essential 
similar to a gene as presented by SEQ ID NO 1. A gene essential similar to a gene as 
presented by SEQ ID NO 1 encompasses a gene as presented in SEQ ID NO 1 itself or, 
homologues. derivatives and functional fragments cf SEQ ID NO 1. The term "essentially 

30 similar to" also indudes at least a part or a porHon of sequences SEQ ID NO 1 or SEQ ID NO 
2; a oomplenient of the sequences 1 or 2S-RNAi DNA/ -a cDNA-or a genomic DNA 
con^esponding to the sequences 1 or 2; a variant of the gene or protein due to the degeneraq/ 
of the genetic code; a fiamOy member of the gene or protein; an alielio variant of the gene or 
protein; and different splice variant of the gene or protein and variants that are Infferrupted by 

3S one or more intervening sequences. Advantageously, nucleic adds or proteins essentially 
^mliar to the proteins and nudetoadds according to the invention may be used In tiie methods 
of the present Invention. 

7 
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According to a preferred feature of thd present Invention* the nudeic add sequence capable of 
modulating ^nssslon of a dno-flnger gene or modulating activffy of a zlno-flnger protein te a 
nudeic add sequence homologous to SEQ ID NO 1- This homologue is preferably a plant 
5 homologue, le. a nudete add sequence obtained from a plant, whether from the ^me plant 
spedes or drfferent Further preferably, the nudete add is a nucleic add sequence encoding a 
zlnoflnger protein, derivafive or active fragment thereof. More preferably, the nucleic add 
sequence is Isolated from a dicot, more preferably from Arabldopsls thaliana. Further 
preferably the protein Is a STZ pnatein or a homologue, derivafive or functional fragment 

10 thereof. Most preferably, the nucleic add sequence capable of modulating expression of a 
gene essentially similar to SEQ ID NO 1 or acUvIty of a protein essentially similar to SEQ ID 
NO 2 Is a nudeic add sequence as represented by SEQ ID NO 1 or a homologue, derlvativB 
or active fragment thereof or a nudeic add sequence encoding an amino add sequence 
represented by SEQ ID NO 2 or a homologue, deri\^ttive or active fragment thereof. 

15 Preferablyr the nudeic add sequence represented by SEQ ID NO: 1 Is overexpressed In a 
plant However, tt should be dear that the applicability of the Invention is not limited to use of 
the nudeic add represented by SEQ ID NO 1 nor to the nudeic add sequence encoding the 
amino add sequence of SEQ ID NO 2, but that other nucleic acid sequences encoding 
homologues, derivatives or active fragments of SEQ ID NO: 1 or SEQ ID NO: 2 may be useful 

20 In the methods of the present Invention. 

Therefore acoondfng to another asped of the present invention, there is provided a method for 
modifying the growth characteristics of plants, connprlsing Introducing Into a plant a 
homologue, derivative or active fragment of a nudeic acid sequence capable of modulating 
zinc-finger gene expression and/or protein acuity in a plant, preferably a homologue, 

25 derivative or active fragment of a sequence represented by SEQ ID NO 2, such as a 
homologue. derivafive or active fragment as described below. 

Methods for the search and idenflflcation of ztno-finger protein homologues, more partlcuiaiiy 
STZ zinc-finger homologues would be well within the realm of a person skilled in the art. 

30 Metiiods for the alignment of sequences for comparison are well Icnown In the art. such 
metiiods include GAP, BESTFIT, BLAST. FASTA and TFASTA. GAP, uses ^the.algorltiim of 
Needleman and Wunsch (J. Mol, Biol; 48: 443-453, 1970) to find tiie alignment of two 
complete sequences that maximises the number of matches and minimises the number of 
gaps. The BLAST algorithm calculates percent sequence identity and performs a statistical 

-35 analysls-of-the-aimilarity between the two sequences. The softw are for performing BLAST 

analysis Is publidy available through the National Centre for Biotechnology Infonnnaton. 
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The analysis of a gens family can be carried out by sequence similarity analysis. To peiform 
Ifiis analysis dne can use standanJ programs for mulfple angnmente e.g. Quetal W. This 
analysis can be done on the fuH length sequence or based on a comparison of certain iBgions 

such as conserved domains. 
5 Over 200 family membere of zinoflhger proteins were discovered In the Anbfeopsis genome. 
The STZ gene and protein as represented in SEQ ID N0 1 and 2 were previously published In 
the database under the MIPS aooessipn number At1g27730 and several other cDNA's. 
isolated fiom other tissues or dHferont developmental stages of AraWaopsis have been 
leported and encode Ihe same protein as presented In SEQ ID NO 2 (e.g. the sequences with 
10 the Genbank accession number AYD34998. NIW_102538. AC12375. X955r3 (AtSTZ). 
AY063006, X98871 (AIZAT10). X88670. AF25033e). These isolates illustrate the differential 
eacpresslorr and of the STZ "gene In different plant tissues at different developmental 
stages.The differential regulation of these difierent cDNA's is reflected by the differences at the 
5TJTR and the 3'UTR re^ns of Ihese cDNA'S. 

15 

The MIPS database contains the sequence of ihe Ambidopsfs thallana geriome with prediction 
and functional annotation of the proteins encoded. Searohing tWs database virtth the STZ gene 
as presented ih SEQ ID NO 1 (MIPS accession number At1g27730), showed that In the 
AmbhJopsIs genome there are 2 very dose homologues to SEQ ID NO 2^ At6g43170 and 
20 al5g04340. and 3 Other With very high simliarily CX^% of similarity) At3gl9580, At5g67450. 
At3g49930. The closest homologues genes are spread In over 3 chromosomes 1 . 3 and 5. 
AddiHonaliy. another gene AI5g43160 is found conHguous in the chromosome to the closest 
homologous protein At5g43170. The. sequence simHarity between AtSg43ieo and At5g43l70 
suggests that they are related in function. The presence of both genes at the same 
25 chromosomic location further strengthens this theory. It Is well established that chromatin 
stroctures influences gene expression. Additionally, it has been described that genes related to 
the same function or physiological process can be anrange In the same chromosomic location 
to constitute higher levels of gene regulation like for example flie operons ftound In bacteria. 
Though such operon-lilce organlzaHons have not been clearly established In plants examples 
30 exist were genes related to the same physiological process are fbund at the same 
chromosbmks iocaltons, Gke the GBF1» CBF2, and CBI=?3. In thte example these genes are also 
related in sequence. 

Homologues of the STZ protein of Arabldopsls to use in the present invention are also 
35 Identified in other plant species. Protein homologous to the STZ protein as presented In SEQ 
ID NO 2 were found in a variety of dicots plants. ArabWopsIs, Medlcago, petunia, soybean, 
tobacco, brassica rapa, and also In monocote Hke rice, wheat or sugarcane. Examples of such 
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homologues. tfiat are the closest homologues of the STZ protefn from another organism j 
88 available at present In fhe public databases, are the sequences as published in 
Genbank under the aocessicn number AAF24959, NPJ74094.1, CAA87229.1. BAC43454.1, 
NP_196054.1, AAM87193.1. NP_ie9131.1. AAD26942.1. AF1190S0_1 .CAB77055.1. 
5 BAA05079.1 (Petunia). 109602 SCOF«1, T01985 , BAA05077,1, BAA0507e.1, NP_188692.1, 
NPJ201646,1, T14408 , T14409 ZFP1 (rice), BAA05078.1, NP_190582.1, S39045 WZF1 
(wheat) . AAKD1713.1 AF332B78_1 , NP_182037.1. BAC4300B.1, 

It is expected that as more sequences of the genomes of other plants will become available, 
still many other homologues of the STZ protein shall be identifiable by sequences alignment 

10 with SEQ ID NO 1 orSEQ ID NO 2. 

In a particular embodiment of the present invention, the protein encodetl by zinoflnger gene 
and/or ^nofinger protein to be used In the methods of the present invention shows a 
sequence homology that is no smaller than the sequence identity of SEQ ID NO 2 with 
Os_BAB67879 (or with OS.AF332876. which te 36% identity) and fsite witiiln the phylogenetlc 

15 tree as represented in Rgure 4A. In another embodiment of the present invention the protein 
encoded by a Tlnc-finger gene and/or the zino-flnger protein to be used in the methods of the 
present Invention, shows a sequence homology that is larger than the sequence Idenfily of 
SEQ ID NO 2 with Gmjn}9602 and fails wifliin the boundaries of ARA_At1g27730 and 
Gmjr09602 of the phylogenefic tree as represented In Figure 4B. A similar tree structure, to 

20 express the sequence similarity and Identity of (newly found) homologues of the STZ protein of 
the present invention, can be mad© using the following program and parameters. The 
alignment and phylogenetic tree of figure 4 was made using clustal W present in the VNTI 
(version 5.0) program with Gap opening penalty 10 and Gap extention S. 



25 

"Homologues* of a zlno-finger protein encompass peptides, oligopeptides, polypeptides, 
proteins and enzymes having amino add eubstifaitions, del^ons and/or insertions nslative to 
the unmodified protein in quesfion and having similar blologtcai and functional activity as the 
unmodified protein from viAiich they are derived. To produce such homologues, amino acids of 

30 the prot^'n may be replaced by other amino ac»ds having similar properties (such as similar 
hydrophobiclty, hydrophlllclty; antigenicity, propensity to form or break ocr-hellcal structures or 
sheet structures). Conservative substitution tables are well known in the art (see for example 
Crelghton (1984) Proteins. W-H. Freeman and Company). The homologues useful In the 
method according to the invention have at least 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 46, 46. 

"3'5 47r^8r49r-50r^-54y-56^58.--%-sequence_.ldentay or slmHarfty (functional identity) to the 
unmodified protein, alternatively at least 80, 62, 84, 68, 68,% sequence identity or similarity to 

gmrnnmodified-proteinr-OF-^ltematfa^^ 70. 72, 74, 76. 78% sequence identity or 
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sindlarity to an unmodffled protein. TVplcally. the homologues have at least 80. 82. 84% 
sequence Wenfily or slmHaiiiy to an unmodified protBln. preferably at least 85. 86, 88% 
sequence Identity or almlfarity, further preferably at least 90, 92. 94. 98, 98% sequence idenfity 
or similarity to an unmodified protein, most preferably at least 95% sequence Identity or 
5 similaiity to an unmodWed protein. 

Prefened homologues to use in the methods of the present Invention are homologues showhfl 
35% or more sequence Identity with the STTE Zino-flnger protein as presented In SEQ ID NO 2. 
Prefened homologues of the STZ zinoflnger protein as presented In SEQ ID NO 2 fipom other 
10 plant species, em the closest homotogues found in the genome of ttet plant species and any 
other gene from that plant epedes vwhlch shows 35% or more homology to fliat closest 
homologuo. Advantageously, the members of the same gene family as SEQ ID NO 1 from the 
same (Arabidopels) or ftom different plant spectes can be used in the methods of the present 



Two special fomis of homology, orfhologous and paralogous, are evolutionary concepts used 
to describe ancestral relationships of genes. The term "paralogous" relates to gen&. 
duplications within the genome of a spedes leading to paralogous genes. The term 
"orthologou^ relates to homologous genes In different organisms due to ancestral relaflonshlp. 
20 The term "homologues" as used herrfn also encompasses paralogues and orthologues of the 
proteins useful In the methods according to the Invention. 

In a parHcular embodiment of the preserit invention proteins of one plant species (for example 
Arabidopsis) are Introduced In another plant species (for example rice) such that there is 

25 enough difference In a way that normal activity the proton and/or protein complexes in which 
zino-finger proteins virark are disrupted. Therefore their could be an advantage in the use of 
proteins, genes encoding sudi proteins on the one hand and host plante from different plant 
origin on the other hand. For example, it has been shown in the present Invention that plant 
growth characteristics can be Improved by IntriducBon of a zino-finger gene or prot^ frran a 

30 dicot into a monocot, 

"Substitutional vartent^ of a protein are those in which at least one residue In an anUno add 
sequence he» be^ r^oved artd a different residue inserted in Ite place. Am&io add 
substttuSons are typically of Single residues, but may be dustered depending upon functional 
35 oonstralnte placed upon the polypeplide; insertions wHI usually be of the order of about 1-10 
amino add r^idues, and deletions will range from about 1-20 residues. Preferably, amino add 
sidisttbJtions comprise conservative amirw add subsUtutions. 



Invention. 
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"inserHonal variants" of a protein are those In which one or more amino add residues are 
Introduced into a predetermined site in said protein. Insertlone can comprise amlno-tenmlnal 
and/or carbox/-temrfnal fusions as well as Intra-sequence Insertions of single or muWpl© amino 
5 acids. Generally, Insertions wfthin the amino add sequence will be smaller ihan amino- or 
caibDxy^tenrtnal fusions, of the order of about 1 to 10 residues. Examples of amino- or 
carboxy-termlna! fusion proteins or peptides Indude the binding domain or activation domain of 
a transcriptional acHvalor as used in the yeast two4iybrid system, phage coat proteins, 
(hislldlneiff-tag, glutathione 8-transferase^g, protein A, maltose-binding pnrteln. dihydrofolate 
10 reductase. Tag^lOO epitope, o-myc epitope, FU^G^-epltope. lacZ, Ci^ (calmodulin-binding 
pepHde), HA epitope, protein C epitope and VSV epitope. 

"Deletion variants^ of a protein are characterised by the removal of one or more amino adds 
from the protein. Amino add variants of a protein may readily be made using peptide synthetic 

15 techniques well Icnown In the art, such as soHd phase peptide synthesis and the lil^e, or by 
recombinant DNA manipulations. Methods for the manipulation of DMA sequences to produce 
substitution, Insertion or deletion variants of a protein are well known in the art. For example, 
techniques for making substitution mutations at predetermined sites In DNA are well known to 
those sldiied In the art and Indude M13 mutagenesis. T7-Gen fn vttro mutagenesis (USB. 

20 Cieveland. OH), QuIckChange Site Directed mutagenesis (Stratagene, San Diego. CA), PCR- 
medlated site-directed mutagenesis or other site-directed mutagenesis protocols. 

The term "derivatives" refers to peptides, oligopeptides, polypeptides, proteins and en^mes 
wiiidi may comprise sutistitutions, deletions or additions of naturally and non-naturally 

25 occurring amino acid residues compared to the amino add sequence of a naturally-occurring 
fcrm of the protein as presented hi SEQ ID NO 2. "Derivatives" of a zinc-finger protein 
encompass peptides, oligopeptides, polypeptides, proteins and enzymes which may comprise 
naturally occurring altered, glycosylated, acylated or non-naturally occurring amino acid 
residues compared to the amino acid sequence of a naturally-occurring form of the 

30 polypeptide. A derivative may also comprise one or niore non-amino add substituents 
compared to ttie amino add sequence from which It fs derived, fbr example a reporter 
molecule or other iigand, covalently or non-covalentiy bound to tiie amino add sequence such 
as, for example, a reporter molecule which is bound to fadlitate Its detection, and non-naturally 
occumng amino add residues relative to the amino add sequence of a naturally-occurring 

35 protein. 
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"Active fragments'' of a zlno^nger protein encompasses at least five contiguous amino acid 
resfdudd of a pnitein, which residues retain ^iiar biological and/or funcfion^ a^vity to the 
naturally occurring protein. 

Advantageous^, the method according to the present Invmtion may also be piactlsed using 
porOons of a DMA or nudelc atid sequence. Porticms of a DMA sequence r^r to a piece of 
DIMA derived or prepared from an original (larger) DMA molecula, which DMA portion, when 
expre^ed In a plant, gives rise to plants having modified growth charadeifetioB. The portion 
may ojmprise many genes, with or without additional oontrol elements, or may contavi Just 
spacer sequences etc. 

The present inventiCHi also encompasses nucleic add sequences capable of hybildising with a 
nucieto acM sequence encoding a zino-flnger protebi. whidi nucleic add sequences may also 
be useful In pracHdng ttie methods according to tfie invention. The term "hybridisation" as 
defined herein Is a process wher^n substanfially homologous complementary nudeoflde 
sequences anneal to each other. The hybridfeatlon process can occur enfiiely In solufion. i:e- 
both complementary nudelc adds are In solution. Tools in molecular biology leljn'ng on such a 
process indude the polymerase chain reaction (PCR; and ail methods based thereon), 
subtractlve hybridisation, random primer extension, nudease SI mapping, primer extension,, 
reverse transcription, cDNA synthe^. dHferenfial display of RNAs. and DMA sequence 
determination. The hybridisation process can ateo occur with one of the complementary 
nudele aclds ImmobOlsed to a matrix such as magn^ beads, Sepharose beads or any other 
resin. Tools in molecular biology nelylng on such a process indude the Isolation of poly (A+) 
mRIMA. The hybridisation pnaoess can ftirtfiemioro occur with one of the complementary 
nucleic adds immobilised to a solid support such as a nttrej-celluloM or nylon membrane or 
Immobilised by e.g. photolithography to, for ejampte. a siliceous glass support (the tatter 
known as nudelc add arrays or microarrays or as nudeic acid chips). Tools in molecular 
biology relying on such a process Indude RNA and DMA gel blot analysis, colony hybridlsailon, 
plaque hybrWisaflon. /n situ hybridlsatton and microarray hybridisation, in order to aHow 
hybridisation to occur, the nudeic add molecules are generally theimafly or chemically 
denatured to melt a double strand Into two single strands and/or to remove hairpins or other 
secondaiy structures irom single stranded nudeic adds. The stringency of hybridlsatiort is 
Influenced by conditions such as temperature, salt concentraBton and hybridisaSon buffer 
composffion. High stringency conditions for hybridisation indude high temperature and/or low 
salt concentration (salts Indude NaCI and Nag-citnate) and/or the indusfon of formamlde in the 
hybridisafaon buffer and/or lowering the ooncentrafion of compounds such as SDS (dete^ent) 
in the hybridisafaon bufilsr and/or exduslon of compounds such as dextran sulphate or 
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polyethylene glycol (promoting molecular wwdlng)from the hybrfdlsaflon buffer. Conventional 
hybridisation conditions are described In. for e)^ple, Sambrook (2001) Molecular Cloning: a 
labofatoiy manual, 3rd Edlflon Cold Spring Harbor Laboratory Press, CSH, New Yorfc, but the 
skilled craftsman will appredate that numerous different hybridisation conditions can be 
designed In function of the known or the expected homology and/or length of the nucleic acid 
sequence. Specifically hyt>ridlslng refers fo hybridising under stringent conditions. La. at a 
temperatuTB of 60°C followed by washes In 2X88C, 0.1XSDS, and IX SSC, 0.1X SD& 
SufBolently low stringency hybridcBation oondliidns are particularly preferred for the isolation of 
nucleic acids heterologous to ttie DMA sequences of the Invention defined supra. Elements 
contributing to heterology include allelism, degeneration of the genetic code and differences In 
prefenBd codon usaga 

The methods according to the present Invention may also be practised using an altemafivB 
splice variant of a nudeic add sequence encoding a zino-finger protein. The term "alternative 
15 splice var^lf as used herein encompasses variants of a nudetc add sequence in which 
seleded introns and/or axons have been excised, replaced or added. Sudi variants win be 
ones in whidi the biological actlvHy of the protein remains unaffeded, which can be achieved 
by selectively redlining functional s^ments of the protein. Such splice variants may be found 
in nature or can be manmade. iUethods for making such splice variants are well known in the 
20 art. Therefore according to another aspect of the present invention, there Is provided, a 
method for modifying the growth characteristics of plants* comprising modulating expression in 
a plant of an alternative splice variant of a nucleic acid sequence encoding a zinc-finger protein 
and/or by modulating act^^dty of a zino-finger protein encoded by the alternative splice variant. 
Preferably, the splice variant Is a splice variant of the sequence represented by SEQ ID N0 1. 

25 

Advantageously, the meUiods according to the present invention may also be practised using 
atlello variants of a nucleic add sequence encoding a 2lnc-f1nger protein, preferably an allelic 
variant of a sequence represented by SEQ ID NO 1. Allelto variants exist in nature and 
encompassed within the methods of the present invention is the use of fliese natural alleles, 

30 The use of these allelic variants in parijcular conventional breeding programmes, such as in 
mari^er-asslsted breeding Is also encompassed by the present Invention; this may be In 
addition to their use in the methods according to tiie present invention. Such breeding 
programmes sometimes require flie Introduction of allelic variations in the plants by mutagenic 
treatment of a plant One suitable mutagenic method is EMS mutagenesis, identification of 

55 — alielle-varlanfts4heixiake9,p|aceJa?,,:^ PCR> This is followed by a selection step for 

selection of superior allelic variants of the sequence In question and which give rise to altered 

gmytfttu^acagterififica In a plant Selection Is typical ly carried out by monitoring growth 
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perftjrmance of plants containing diflerent aUellc variants of the sequence in question, for 
example, SEQ ID N0 1 . Monitoring growth performance can be done In a greenhouse or In the 
field- Further optional steps Include crossing plants In which the superior allelic variant was 
Identified with another plant. This could be used, for example, to make a combination of 
Interesting phanotyplc features. Menc variants also encompass Single NudeoUde 
PolymorpWsms (SNPs), as weir as Small Insertlon/Deleflon Polymorphisms (INDELs). The size 
of INDELs is usually less than 100 bp). SNPs and INDELs fomn the laigest set of sequence 
variants In naturally occurring poiymorfrfilc str^ns of most organisms. 

According to another aspect of th» present Invention, advantage may be taken of the 
nucleotide sequence capable of modulating expression of a nucleic add encoding a zino-finger 
pnstefn In breeding programmes. For example, In such a programme, a DNA mariter Is 
Identified which may be genetically linked to a gene capable of modulating expression of a 
nucleic add encoding a dno-flnger protein In a plant, which gene may be a gene encoding the 
dnc-finger protein itself or any other gene which may directly or Indirectly Influence expression 
of the gene encoding a zino-finger protein and/or acHvity of the zino-finger protein itself. This 
DNA martcer may then be used in breeding progtems to select plants having altered growttt 
(^racteristics. 

The methods according to the present Invention may also be practised Introducing Into a 
plant at least .a part of a (natural or aiflfidaO chromosome (such as a Bacterial Artificial 
Chnsmosome (BAC)), whkdi chromosome contains at least a gene encoding a zino-flnger 
protein, optionally together with one or more related gene family members. Therefore, 
according to a further aspect of the present Invention, there Is provided a method for modifying 
the growth characteristics of plants by expressing in a plant at least a part of a chromosome 
comprising at least a gene encoding a zino-finger protein. 

According to a preferred feature of the present Invention, enhanced or increased expression of 
a nucleic add encoding a sa'no-flnger protein is envisaged. Methods for obtaining enhanced or 
increased expression of genes or gene products are well documented in the art and Indude, 
for ^cample., oversxpresslon driven t)y a strong promoter, the use of tnanscr^fion enhanoers.or 
trandatlon enhancers. 

ModulafJng gene expression ^whether by a direct or indirect approadi) encompass altered 
tianscript levels of a gene. Altered transcript levels can be suffteient to Induce certain 
phenofypic effects, for example via the mechanism of cosuppresslon. Here the overall effect of 
overexpression of a transgene Is that there is less acUvify in the cell of the protein encoded, by 

15 
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a native gene having homology to the Introduced transgene. Therefore, according to another 
embodiment of ttie present mventton, there If provided a method to alter growth characteristics 
in a plantt comprising decreasing expression of a gene encoding a zinc-flnger protein or 
decreasing acHvIfy of a zino-finger protdn. Preferably that aino-finger protein belongs the same 
iamW (or the same ^miiy in another plant spedes as the 8TZ protein firom Arabidopsis 
thaliana. Preferably, ttiis method comprises Introduction of a zlno-flnger encoding gene under 
the contrxM of a constitutive promoter Into a plant Other examples of decreasing activity of a 
protein In a cell are well documented tn the art and include, for example, downregulation of 
expression by anti-sense technique, RIMAI techniques, the use of ribozymes eto. 
Advantageously, the methods according to the present Invention may also be practised by 
downregulation of a nudefc acid sequence encoding a zinofinger protein. Plants having 
modified growth characteristics may be obtained by expressing a nucleic acid sequence 
encoding a zinc-finger protein in either sense or anHsense orientation. Techniques for 
downregulation are well known In the art. The tenns Igene silencing" or "downregulatlorf of 
expression, as- used herein, refer to lowering levels of gene expression and/or levels of active 
gene product and/or levels of gene product acttvHy. Such decreases in expression may be 
accomplished by, for example^ the addition of coding sequences or parts thereof in a sense 
orientation (if it fs desired to achieve co-suppression). Therefore, according to one aspect 
the present Invention, the growth of a plant may be modified by introducing into a plant an 
additional copy pn full or in part) of a zinc-finger gene already present in a host plant The 
additional gene will silence the endogenous gene, giving rise to a phenomenon known as co- 
suppression. 

Genetic constructs aimed at silencing gene expression may comprise the zlnofinger protein 
nucleotide sequence, for example as r^resented by SEQ ID NO 1 (or one or more portions 
thereol) in a sense and/or antisense orientation relative to the promoter sequence. The sense 
or anflsense copies of at least part of the endogenous gene in the form of direct or Inverted 
repeats may be utilised in the methods according to the invention. The growth of plante may 
also be modified by introducing Into a plant at least part of an antisense version of the 
nucleotide sequence represented by SEQ ID NO 1. It should be ci^r that part of the nucleic 
add (a portion) could achieve the desired result 

Another method for downregulation of gene expression or gene silencing comprises use of 
ribo^mes, for example as described In Atkins et at. 1994 (WO 94/00012), Lenee ef a/. 1995 
fA/Q-Q5/ge4Q4)^ut^qer-eLa/>^000 (WO 00/00819), Prinsen et al. 1997 (WO 97/3865 ) and 
Scott ef a/. 1997 (WO 97/381 16). 
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Gen© silencing may also be achieved by insertion mutagenesis (for e^cample, T-DtsiA insertion 
or transposon Insertion) or by gene silencing strategies as described by, among others, AngeU 
end Baulcombe 1998 (WO 98/36083). Lowe ef a/. 1989 (WO 98/53083), Lederer etat. 1999 
(WO 99/115682) or Wang ef a/. 1999 (WO 99/53050). Expression of an endogenous gene, may 
also be reduced If it contains a mutetlon on the endogenous gene. Such a mutant gene may 
be Isolated and Introduced Into the same or different plant species In order to obtain plants 
having modified growth characterlstfcs. 

According to a second embodiment of the prssent Invention, geneflo constructs and vectors to 
facilitate Introduction and/or expression of the nucleotide sequences useful In the methods 
according to the Invention are provided. Therefore, according to a second embodiment of the 
present Invention, there Is provided a construct comprtsing: 

(j) a nucleic acid sequence capable of modulating expression of a nucleic acid 

encoding a zino-flnger protein and/or activity of a zinc-flnger protein; 

(H) one or more control sequence capable of driving expression of the nucleic add 

sequence of (i); and optionally 

(HI) a transcription termination sequence. 

Constmcte useful In the methods acconSIng to the present invention may be constructed using 
recombinant D.NA technology well known to persons sidlled in the art. The gene constructs 
may be inserted Into vectors, which may be commercially available, suitable for transfomning 
into plants and suitable for expression of the gene of interest in the transformed cells. 
Preferably the genetic construct ts a plant expression vector. 

The nuclefc acid sequence capable of modulating expression of a nucleic acid encoding a 
zIncHfinger protein and/or activity of a zino-flnger protein may be any of the nucleic add 
sequences described hen&lnbetore. A preRened nudeic add sequence is ttie sequence 
represented by SEQ ID NO 1 or a portion thereof or sequences capable of hybridising 
therewith or a nudeic add sequence encoding a sequence represented by SEQ ID NO 2 or 
SEQ ID NO 4 or a homologue. derivafivaor ac^ve fragment thereof. 

Plants are transformed with a vedor comprising ttie sequence of interest (I.e., the nucleic add 
sequence capable of modulating expression of nucleic add encoding a zino-flnger protein), 
which sequence is operably linked to one or more control sequences (at least a promoter). The 
terms "regulatory etemenf. "control sequence" and "promoter are all used herein 
Interchangeably and are to be taken tn a broad context refer to regulatory nudeic add 
sequences capable of effeding expression of the sequences to which they are llgated. 
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Encompassed by the aforementioned temns are transcriptional regulatory sequences derived 
Irom a ciassical eukaryotic genomic gene (including the TATA bcac whlc^ is required for 
accurate transcription fnfflation, wiUi or without a CCAAT box sequence) and additional 
regulatory element (Le. upstream activattng sequences, enhancers and silencers) which after 
5 gene expression In response to developmental and/or external stimuli, or in a ftesue-specific 
manner. Also included within the tenrn Is a transcriptional regulatory sequence of a classical 
prokaryotic gene« In which case it may indude a --35 box sequence ar^d/br -10 box 
transcriptional regulatory sequences. The term "regulatory element also enconnpasses a 
synthetic fusion molecule or derivative which confers, activates or enhances expression of a \ 
\Q nudelc acid molecule in a cell, tissue or organ. The terms "control sequence^ "Yegulatory 
sejquence", "regulatory element" and "promoter^ are used Interchangeably herein. The term 
"operebly linked" as used herein refers to a functional linkage between the promoter sequence 
and the gene of interest such that the promoter sequence is able to Initiate transcription of the 
gene of interest 

15 

Advantageously, any type of promoter may be used to drive expression of the nudelc acid 
sequence depending on the desired outcome. For example, a merlstem-^pedfic promoter, 
such as the mr (ribonudeotide reductaseX cdc2a promoter and the q/c07 promoter, could be 
used to effect expression in all growng parts of the plant, thereby Increasing cell prDliferaBon, 

20 which In turn increases yield or biomass. If the desired outcome would be to influence seed 
characteristics, such as the storage capacity, seed size, seed number, fatomass etc., then a 
seed-specific promoter, such as p2S2, pPROLAMlN, pOLEOSIN could be selected. An 
aleurone-speclfic promoter may be selected in order to increase growth at the moment of 
germination, thereby increasing the transport of sugars to the embryo. A flower-specffic 

25 promoter, such as pUEAFY, may be utilised tf the desired outcome would be to modiiy the 
number of flower oiigans or to produce male-sfenle plants. If the desired outcome would be to 
modHy growth and/or developmental characteristics in particular organs, then the choice of the 
promoter would depend on the organ to be modified. For example, use of a root-specific 
promoter would lead to Increased growUi and/or Increased blomass or yield of the root and/or 

30 phenotypic alteration of the root. This would be particulariy important where it Is the root itself 
that is the desired end product, such crops Including sugar beet, turnip, carrot, and potato. A 
frult-spedflc promoter may be used to modify, for example, the strength of the outer skin of the 
fruit or to increase the size of the fruit. A green tissue-specific promoter may be used to 
Increase leaf size. A cell wall-spedfic promoter may be used to increase the rigidity of the celi 

^35 wallrtherebv-increasing^riathogen^rest stance. An anther-specific p romoter may be used to 
produce maie-sterile plants. A vascular-specific promoter may be used to increase transport 
tronfrleaves-to-seetdSr-A-nodutess pedfic promoter may be used to Increase the ni trogen fixing 
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capabilities of a plant, ihereby increasing the nutrient levels In a plant A «tres».Inducible 
promoter may also be used to drive expression of a nucleic add to Increase membrane 
Integrity during conditions of stress. ParHcuIariy preferred stress^ndudble promoter Include the 
water stress inducibte promoter, WSIIB. and the drought stress Induced and ABArretated 
5 promoter, rab21. Other promotere. inducible under conditions of stress, such as temparaturB 
stress (cold, fteezlng. heat), osmotic stress, drought stress, oxidative stress or btotic stress 
may also be used In the methods according in Ih© invention. 

Preferably, the nucleic add sequence capable of modulating expression of a gen© encoding a 
10 zinoflnger protein Is operably Hnked to a constitutive promoter. The term "constitutive" as 
defined hei«ln refers to a promoter that is expressed continuously. Furthermore, preferably the 
consBtutlve promoter is a ubiquitous promoter, which is expressed in more than one, 
preferably in most or all tissues of the plant. Preferably, the constitutive promoter to be used In 
the methods of the present invention or to be cloned in the genetic constructs of the preserrt 
15 Invention is a G082 promoter. 

Optionally, one or mora terminator sequences may also be used In the construct introduced 
IniD a plant The term lennlnatDi- encompasses a control sequence which is a DNA sequence 
at the end of a transcriptional ur« whteh senate 3' processing and polyadenylation of a primary 
20 transcript and temtinallon of transcription. Additional regulatory elements may Include 
transcriptional as well as fianslationa] enhancers. Those sl<llled in the art will be aware of 
terminator and enhancer sequences which may be suitable for use in performing the invention. 
Such sequences would be known or may readily be obtained by a person skilled in the art 

25 The genetic constructs of the invention may further indude an origin of replication sequence 
which is required for maintenance and/or replication in a spedfic cell type. One racan^Ie is 
when a genetic constmct is required to be mabitained In a bacterial ceU as w episomal genetic 
element (e.g. piasmld or cosmid molecule). Preferred origins of replication indude, but ar© not 
umrted to, the fl-ori and colE1. 

30 

The genetic construct may optionally comprise a s^ectable mariner gene. As used herein, the 
term "setectabie mariner gene" indudes any gene which confers a phenotyp© on^a cell In which 
it is expressed to fedlital® ttie identification and/or selection of cells which are trartsfected or 
transformed with a genetic constmd of the invention. Suitable mariners may be selected from 
35 markers that confer antibiotic or herbicide resistance. Cells containing the recombinant DNA 
will thus be able to survive in the presence of antibiotic or herbidde concentrations, that kill 
untransformed cells. Examples of selectable mariner genes Indude tiie bar gene which 
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pnmdes r^tetanoe to Ihe herbidde Basta; ihe npt gene which confers rBsistance to ttie 
antibiotic l^amydn; tiie hpt gene which confers hygromydn iBstetanoe. Visual markers, such 
as the Green Fluorescent Protein (GFP) may also be used as selectable markers. An enUrs 
plant may be generated from a single transformed plant cell through cell cullurfng techniques 
5 known to those sldlted In tha art Further examples of suttable selectable marker genes Include 
the ampldllin resistant (AmpO. tetracycline resistance gene (TcOr bacterial kanamycin 
resistance gene (KanO, phospWnothrlcln resistance gene, neomycin phosphotransferase gene 
(nptll), hygromydn resistance gene, p-g!ucuronldase (GUS) gene, chloramphenicol 
acetyltransferase (CAT) gene, green fluorescent protein (gfp) gene (Haseloff et aL, Proc. Natl, 
10 Acad, Sd. U.SA 94 (6), 2122-2127. iQQT), and ludferase gene, amongst others. 



The present invention also encompasses plants obtainable by the methods according to the 
present Invention. The present invention therefore provides plants obt^nablo by the method 
according to the present invention, whidi plants have modified growth characterisfics and 
IS which plants have altered zinc-finger protein adivHy and/or altered expression of a nucleic acid 
sequence encoding a zino-flnger protein. 

According to a third embodiment of the present Invention, there Is provided a method for the 
production of transgenic plants having modified growth diaracteristics, comprising introducBon 
20 and expression in a plant of a nucleic add molecule of the invention. 

More specl^cdlly. the present invention provides a method for the production of transgenic 
plants having modified growth characteristics, which method comprises: 
(1} introducing Into a plant or plant cell a nudeic add sequence or a portion thereof 

25 encoding a anc^finger piDtein or a homologue, derivative or aciJve fragment thereol; 

(li) cultivating the plant cell under conditions promoting regeneration and rrature plant 

growth. 

The protein Itself and/or the nucleic add Itself may be introduced directly into a plant ceil or Into 
30 the plant Itself (induding irrtroducBon into a tissue, organ or any other part of the plant). 
According to a preferred feature of the present invention, the nudeic jacid sequence is 
preferably introduced Into a plant by transformation. The nucleic acid sequence is preferably 
as represented by SEQ ID NO 1 or a portion thereof, or is a nucleic acid sequence encoding 
an amino acid sequence represented by SEQ ID NO 2 or a homoiogue, derivative or activo 

■35 fragmsrit4hBFeofJ3ie-term,^ns formaHo^^ as refenred to herein encompasses the transfer of 

an exogenous polynucleotide into a host ceil, irrespective of the method used for transfer. 
Piant-^gsiie-^ pahte of subsequent donal propagation, w hether by organogenesis or 
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embryogenesls. may be transformed wHh a genetic construct of the present invention and a 
whole plant regenerated therefrom. The particular tissue chosen will vary depending on the 
clonal propagation systems available for. and best suited to. the particular spedes being 
transfomied- Exemplary tissue targets include leaf disks, pollen, embryos, cotyledone. 

5 hypocotyls. megagametophytes. callus tissue, existing merlstematic tissue (e^-. apical 
merlstem axiHaiy buds, and root meiistems). and Induced meiistem tissue {e.g-. cotyledon 
mertstam and hypoootyl meiistem)- The polynucleotide may be transiently or stably Introduced 
into a host cell and may be maintained non^ntegrated. for example, as a piasmid; 
Aitamatlvely. K may be Integrated mto the host genome. The resulting transfwmed plant cell 

10 can then be used to iBgenerate a tiansfomied plant In a manner known to persons sidiied in 
theart 

TrBnsformatlon of a plant species is now a fairly routine technique. Advantageously, any of 
several transfonnation methods may be used to Introduce the gene of Interest Into a suitable 

15 ancestor cell. Transfonnation methods Include the use of liposomes, eleclroporatlon, 
chemicals that increase free DNA uptake, injection of the DNA directly into the plant, particle . 
gun bombardment, transfomiatlon using vinises or pciHen and mlcroprojection. Methods may 
be selected from the caleium/0olyethylene glycol method tor protoplasts (Krens. F.A. ef a/., 
1882, Nature 296. 72-74; NegruHu l. ef a/.. June 1987, Plant Mol. Biol. 8. 363-373): 

20 eiect^poTHBon of protoplasts (Shiflito FLD. ef a/.. 1985 Blon-echnol 3. 1099-1102); 
mlcrolrijection into plant material (Crossway A. et a/-, 1988. lUIol. Gen Genet 202, 179-185); 
DNA or RNA-coaled particle bombardment (Klein T.M. et al.. 1987. Nature 327. 70) infection 
with (non-lntegrative) vimses and the like. A preferred method according to the present 
•mvenlion is the protocol acoonJing to Hlei-et aL (Plant J., 8 (2). 271-282. 1994) in the case of 

25 rice transformation. 

GeneiBlly after transfomiation. plant ceBs or cell groupings are selected for the presence of 
one or more makers which are encoded by piant^xpressible genes co-transferred with the 
gene of Interest, following virtilch the transfonned material is regenerated Into a whole plant 

30 

Following DNA transfer and legeneralion, putaiively transfonned plants may be eivaluated, for . . 
instance using Southern analysis, for the presence of the gene of Interest, copy number and/or 
genomic organlsaUon. Alternatively or additionally, expression levels of the newly introduced 
DNA may be undertaken using Northern and/or Westem analysis, both techniques being well 
35 known to persons having ordinary skill in the ait. 
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The genetHted transformed plante may be propagated by a s^rtety of means. $uch as by clonal 
propagation or <^ssical breeding techniques. For example, a first generation (or T1} 
transfooDed plant may be selfed to give homozygous second generation (or T2) transformants. 
and the T2 plants further propagated through classical breeding techniques. 

5 

The generated transformed organisms may take a variety of tonns- For example, they may be 
chimeras of transformed cells and non-transformed cells; donal transformants (e.g., ail cefls 
transformed to contain the expression cassette); grafts of transformed and untransformed 
tissues (e.g., in plants, a transformed rootstock grafted to an untransformed scion). 

10 

The present Invention dearly extends to any plant cell or plant produced by any of the methods 
described herein, and to all plant parte and propagules thereof. The present Invention extends 
further to encompass the progeny of a primary transformed or transfocted cell, tissue, organ or 
wtiole plant that has been produced by any of ttie aforementtoned methods, the only 

15 requirement being that progeny exhibit the same genotypio and/or phenotypic charactertetic(s) 
as those produced in the parent by the methods according to the invention. The InvenHon also 
Includes host cells containfng an isolated nucleic acid molecule encoding a protein capable of 
modulating a zinc-finger protein, preferably wherein the protein is a zino-finger protein. 
Preferred host cells according to the invention are plant cells. The Invention also extends to 

20 harvestable parts of a plant such as but not limited to seeds, leaves, fruits, flowers, stem 
cultures, rWzomes, tubers and bulbs. 



The term "planf as used herein encompasses whole plants, ancestors and progeny of the 
plants and plant parts. Including seeds, shoots, stems, roots (including tubers), and plant cells, 

25 tissues and organs. The term "plant? also therefore encompasses suspension cultures, 
embryos, meristematic regions, callus tissue, leaves, seeds, roots, shoots, gametophytes, 
sporophytes, pollen, and microspores. Plants that are parficularly useful in the methods of the 
Invention include all plants which belong to the superfamily VMdIplantae, in particular 
monocotyledonous and dicotyledonous plants including a fodder or forage legume, ornamental 

30 plant, food crop, tree, or shrub selected from the list comprising Acacia spp., Acer spp., 
ActinidiB 3pp,,Aescalus spp., AgaWs au^r^tis, Albizia amara, Alsophila tricolor, Andropogon 
spp., Aracbis spp, Araca catechu^ Astelia fragrans. Astragalus doer, B&lkiaea plurijuga^ Betula 
spp., Brasstea spp.j Brugulera gymnorrhiza, Burkea afMcana, Butea Iwndosa, Cadaba 
farinosa, CalUandra spp. Camellia alnen^s, Canna indica. Capsicum spp.^ Cassia spp., 

-35 — Gentroema — pubescen s. Chaenomeles s p p,,Cinnamomum cassia , Coffea arablca^ 
Colophospemtum mopane, CoronHlla va/fa, Cotoneaster serotfna, Crataegus spp., Cucumia 

^p^y — <?^/prt;>^<ty^A» spp r Cyathea rfea/bata^ C ydonia oblonga, Cryptomeri^ yapon/ca. 
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CymbQpogan spp., Cj^ea de$^ta. Cyifonia ^Itxigas Dalb&sla inoneteai&, Davaffl^ 
dlvaricata, D&smodhmt spp., Dtoksonia a^oamss, Ofhetempogtm em/deotons, Dftx^ sf^, 
Doffcdios s/^., Dayatlim redum, EMnochloa pyramklaBs, SirarUa Beu^ne coracana, 
BeagresSs spp.. ErytMna spp., Eut^typbis spp., Eucfee aohlmp&f, Eafatta vffliDsa, Fsgopynim 
5 spp., Feffoa seOowfana, Fragaria spp., R&nlngla spp, fYeycfneHa banksil, Oemnhm 
munbergB, Gfnl^o blloba, Glyofnejavanica, GliJl(^cUB spp, Gossypium Mrsutum, Gmfillea spp., 
Guibourtla coleosperma, H&dysaivm spp.. Hemarthia aWssima, Heteropogon contortus, 
Hordeum }fulgare, Hj^arrhenla rufy, Hypeilcum emctum, Hypertheila dfssoluta. Indigo 
tncamata. Ills Sipp., Leptanhena pymllfioUa, Lespediza spp., Lattuca spp., Leuoaena 
10 l&KOGephelB^ LoixteOa amtfOex, UOontis b^nestt, uous spp., Maoratyimm ai^laeB, Malus 
^p., /Ifen/Aof amOanta, MetBoago ^Va, Metoaetjut^a gfyfaostmb<Mea, Musa ss^ntum, 
Ntoottemmi ^p., Onolaychk spp., OnOhopua O/yza «pp., PeMcfOionm afrfcanum, 
P&jnksetum Persea graifssbna. Petunia ^p., Phasaolua spp.. Phoenix canariensls, 
Phonnfum cooldanum, Phottnia ^p., Pfcea gimtoa, PInua spp., Pisim ^^m, Podocarpus 

15 totem, Pogonarthria flecfdl, Pogonarfftrfa squanosa. Populus spp., Prasop/s cineraria, 
Pseudotsuga menziesH, Pterofobium stellatum, Pyrus communis. Quercus spp., Rftaphfolepsis 
umbaltata, etfiopalosfyUs sapida, Fifjus natalensfs, Rfbes grosaufarm, Ribes spp., Roblnia 
pswdoacaofa. Rosa fhtbua spp., SaBx spp.. SchyjmtOyyrium sanguineum, Scladopitys 
vartioWsto, Sequob sempervlrens, Se(iu<^dendmn glganteum, Sorghimi tncolor, Spinacia 

20 ^xm^us nmbi^s, SBburus atopaoutc^dea, St^isanOjos iiumilis. Tadeha^ spp, 

Taxodium dlsOchum, Themeda trlandra, Trffmun spp., TifSctm spp.. Tsuga hetervphylla, 
Vaoclnium spp.. Vicia $pp.ms vaD^fem, Watsonla pyramtdata, ZarAedescf^ aettiiapica, Zaa 
mays, amaranth, artichoke, asparagus, broccoli, brussel sprout, cabbage, canota, carrot, 
cauliflower, ceieiy, coilard greens, flax. kale, lentil, oilseed rape, okra, onion, potato, rice, 

25 soybean, straw, sugarbeet, sugar cane, sunflower, tomato, squash, arid tea, trees and algae 
amongst others. According to a prefemad feature of the present Invention, the plant Is a 
nmrnooc^edonous plant further prefeFabTy a cereal, most prrfarably a plant selected from 
rice, maize, wheat, barley, soybean, sunflower, canola. sugarcane, affetfa, mfflet. bariey. 
rapeseed and cotton. 

30 

Advantageously, performance of the methods according to the present biventldn leads to 
plants having various economically advantageous modified growth characteristics, such as 
Increased yleld/blomass. Accordingly, the present Invention relates to methods to alter gre»wth 
(rfiaracterisHcs of a plant or methods to produce plants with altered growth characteristics, 
35 wherein the growth characteristics is any one or more cfc increased yield, Increased btomass, 
Inoeased total above-ground area. Increased plarrt height, increased number of tillera. 
Increased number of first panicles, Ina«ased mxirbev df second panlties, increased number of 
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filled seeds. Increased total seed yield per plant. Increased harvest Index. Increased stebllfty of 
yield modWed Tmld, T90 or A42 or plant having an altered growth curve. Increased 
yield/Increased blomass refers to a better performance of a plant under non^iress conditions 
or under stress conditions compared Id the perfonmance of a wild-type plant 

5 In a preferred embodiment of the present Invention, the growth characteristics of a plant are 
Improved when the plant grow under normal or optimal growing conditions, whereby the have 
sufficient access to all the elements needed to grow and reach maturity. Her© the growth 
characteristics of the plants according to the present ivnetton exceed the growth charactertstlcs 
of a wild-type plant growing under nontial or optimal growing conditions. 

10 Addftfonally or altemativeiy, the growth charactorlsflcs of a plant may be Improved for plant 
gnawing under stess condHfons. Stress, condfflons can be any typo of environmental, blofic or 
abiotic stess. Therefore, growth and growth chanaderistics. blomass produotlonp yield, 
archltectuiB and survival of plants Is also detanmlned by the growing conditions and the way 
the cell Is able to respond (adapt or defend) to such conditions- Factors that influence these 

15 agriculturally Important characteristics thus include, among others, availability of water, 
mfnerafs and nutrients, availability of oxygen and CO2, ozon, temperature, salt concentration, 
light Intensifies, presence of competitors or i^thogens or symbiont or epiphyte, and 
occurrence of soli or air pollution, in a particular embodiment of the present Invention, the 
growth characteristics of a plant are improved for plants growing In stress conditions, 

20 preferably stress conditions other than cold stress, mora preferably for plants growing In salt 
stress conditions and/or drought stress conditions. 

Previously it was described that the SCOF-1 gene of Glycine max is able to enhance cold 
tolerance to Arabldopsis when overexpressed In that plant Now it has been surprisingly found 

25 that a similar zlng-flnger gene Is able to Increase seed yield in a cereal. The methods of the 
present invention are particulariy favorable to be applied to cereals, because the methods of 
the present invention are used to Increase fHled seed numbers and /or Individual seed weight 
and/or total seed yield. Also the seed size may be altered by the methods of the present 
invention. In a particular embodiment of the invention the methods are used to obtain plante 

30 with smaller seeds but more seeds. Furthemnore, the content of the seeds can altered in the 
plants of the present Invention,, for example they can have more starch or more oil, possibly 
due to their bigger size. Accordingly, a particular embodiment of the present Invention relates 
to a method to increase seed number or seed yield of a cereal, comprising modifying 
expression of a nucleic acid encoding a zInc-finger protein. 



In a particular embodiment of the Invention, the methods are used to improve the yield steblli^ 
Of the plants, meaning that year after year, one can obtain the same yield from the progeny of 
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Vie plants of tha present Inventfon, wfffiout too much interfiMence of ^eternal fiadDrs, such as 



weather condWons. 

The term "modified plant growth" as used herein encompasses, but Is not limited to, a faster 
S rate of growth in one or more parts of a plant (including seeds}, at one or moiB stages in the 
life cycle of a plant, and/or enhanced vigour, and/or aleterd an^ltecture, each relative to 
oorraspondlng wlld-iype plants. "ModfRed ajichltecture" may be due to change In cefl division. 
The temi "ardiltedure^ as used her^ encompasses the appearance or morphology of a 
plant, including any one or more staiotural features or oomblnafaon of etmcUiral features 

10 thereof. Such structural featui^ include the shape, size, number, position, texture, 
arrangement, and pa^m of any cell, ftesue or aig^ or groups of cells, tissues or organs of a 
plant. Including the root, leaf, shoot, stem, petiole, trichome, flower, petal, stigma, style, 
stamen, pollen, ovule, seed, embryo, endosperm, seed coat, aleunone, fibre, cambium, wood, 
heartwood, paien<4Tyma, aerenchyma, sieve element, phloem or vascular tissue, amongst 

15 others. IModiiled arcSittecture thenefbre Includes ali aspects of modified growth of the plant. 
Somet&nes plants modify their architecture in response to certain conditions such as stress 
and pathogens {e,g. nematodes). Therefore, wKWn the scope of the tenn "architecture" Is 
included modified architecture under conditions audi as stress and pathogens. 

20 According to a further preferred feature of the present biven^n. perftmnance of the methods 
according to the present invention result In plants having modHfed architecture. Pr^erably, the 
modified archrtecture Js Increased plant height, increased number of primary and secondary 
panicles. Therefore, according to the present Invention, there is provided a method for 
modifying the architecture of plants, which method comprises modulating expression of a 

25 nudelc acid sequence encoding a zino-finger protein and/or modulating activity of a zino-finger 
protein in a plant, preferably wherein the zino-finger protehi Is encoded by a nucleic acid 
sequence represented by SEQ ID IMO 1,or a portton thereof or wherein the zino-finger protein 
Is represented by SEQ ID NO 2, or a homologue, derfvafive or active ftagment ttiereof. 

30 The present invention also relates to use of a nucleic acid sequence encoding a zinoflnger 
protein and homologues, derivatives and active fragments thereof in modiiying the growth 
characteristics of plants, preferably In Increasing yield, further preferably seed yield. The 
present Invention also relates to use of a zinoflnger protein and homologues, derivatives and 
acme fragments thereof In modiiying the growth characteristics of plants. The nudeic add 
35 sequence Is preferably as represented by SEQ ID NO 1, or a portion thereof or is an amino 
add sequence represented by SEQ ID NO 2. or a homologue, derivative or active ft^igment 



thereof. 
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The present invention also relates to use of a nudelo add sequence encoding a zino-flnger 
pratBin and hoitidogues. derivatives and ecsBve ftagments thereof and to the zlno-iinger protein 
itself and to homotogues, derivatives and active firagments thereof as a growth regulator. The 

5 sequences represented by SEQ ID NO 1, end portions thereof and SEQ ID NO 2. and 
homotogues. derivatives and active fragments thereof are useful In modl^g the growth 
characteristics of plants, as heielnbefore described. The sequences would therefore find use 
as growth regulatore. such as herbicides or growth siimulatora. The present Invention also 
provides a composition comprising a protein rspresentsd by SEQ ID NO 2. or a homologue. 

10 deilvaflvB or active fragment thereof for the use as a growth regulator. 

Convereely. the sequences aoconSng to Vn& present Invention may also be Interesflng targets 
for agrochemical compounds, such as heiblddes or growth stimulators. Accordingly, the 
present invention encompasses use of a nucleic add sequence as represented by SEQ ID NO 
15 1 , or a portion thereof or a sequence represented by SEQ ID NO 2. or homologues. derivatives 
and active fragments thereof as targets for an agrodiemlcal compound, such as a herblddo or 
a growth stimulator. 

The m^hods acccMtilr^ to the present invention may also be practised by co-e)q)i«8slon of a 
20 gene encoding a zinc-finger protein In a plant with at least one ottier g«rje that ooopeiates with 
the gene encoding a zkio-flnger protein. Such a gene may be a gene encoding a target protein 
of the zinc-finger protein. Co-expression may be effected by cloning the genes under the 
control of a plant expressible promoter in a plant expressible vector and introducing the 
expiBsslon vector(s) Into a plant cell using /IgrobacteriunT-mediafed plant transformation. 

25 

The methods acoortling to the present Invention result In plants having modified growth 
diaracteristlcB. as described hereinbefore. These advantageous growth characteristics may 
also be combined wth other economically advantageoie traits, such as further yteld-enhandng 
tra'rts, tolerance to various stresses, traits modiiying various architectui^l feature and/or 
30 bioohemlcal and/or physiological features. 

The present invention wiU now be described with reference to the following figures in which: 
Fig. 1 is a map of expression vector p3422 for the expression In plants of zinc-finger protein 
under the control of the GOS2 promoter. 0381536 is the Internal code for the AmbieUipsis salt 
35 tolerant zlnoflnger (STZ^ protein cDNA. To be esqiressible in the plant, the zino-finger protein 

«pi^iorr«i^eteT9i8rthirGOS2pronB^ 

rbcS-deltaGA). Is located wrfthin ttie left bonier (LB repeat) and the right border (RB repeat) of 
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the Ti plasmld. Within these T-boTde,«. also a ^creenable marker and a selectable matter are 
cloned each under a constitutive promoter (Prom) and foUowed by a iBrminator sequence 
(polya and t^OS). Further this vector also contains an origin of replication (pBF»22 (ori + 
bom)) for bacterial replication and a 8ele«3table marker (Sm/SpR) for bacterial s^^^ 

5 • 

Fig. 2A shows digital images ftom line 81842 positive for the zino-finger transgene and Hg. 2B 

sYmfs corresponding nulUzygotes. , 

Fig 3 ISIS the sequences described In the present application. SEQ ID NO 1 is a SIZ 
10 encoding nucleic add sequence wherein the s^ and the stop codon are highlighted in bold. 
SEQ ID NO 2 1 fte protein sequence as encoded by Seq ID N0 1 and the following domains 
are present m the STZ protein sequence: In bold.ltallc and underilned a. nudear localization 
signal (NLS).In bold and boxed, the 2 zinc finger domains. 

15 Fig. 4A represents a phylogenetic tree of the closest homologues of SEQ ID NO 2 found Iri . 
plants and Fig. 4B represents a phylogenetlc tree. The phylogenetic tree was composed . 
using the program Clustal W. ' 

Examples 

20 The present Invention wHl now be described with reference to the following examples, which 
are by way of lllustratton alonei 

nMA ManlDUlatloP 

Unless otherwise stated, recombinant DNA techniques are peribrmed according to standard 
25 protocols described in (Sambrook (2001) Molepular Cloning: a laboratory manual. 3rd Edlflon 
Cold Spring Harisor laboratory Press. CSH. New Yort<) or In Volumes 1 and 2 of Ausubel ef at. 
(1984). Current Protocols in Molecular Biology, Cunent Protocols. Standard materials and 
methods for plant molecular work are described In Plant Molecular Biotogy l^bfase (1S93) by 
R.D.D. Croy, published by BIOS Scientific Publications Ltd (UK) and Blackwell Sclenflflc 
30 Publicatibns (Uig. 

I 



Example 1 : Gene Cloning 

The AmbklopsiS encoding a STZ protein esseijtially similar to SEQ ID NO 2 was amplified by 
PGR using as template an Ai^bidopsiS thalielpa seedling cDNA library (Invitrogen, Paisley. 
35 UK). After reverse transcription of RNA extracted from seedlings, the cDNAs were cloned into 
pCMV Sport 6.0. Average Insert size of the bank was 1.5 kb, and original number of clones 
was of 1 .59x10^ cfo. Original titer was detemnlijied to be 9.6x10' cfu/ml. after first ampHfleatlon 
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of 6x10^^ cfu/ml. After plasmid extracHon, 200 ng of template was used In a 50^1 PCR mbc 
Sequences of the primers used for PCR ampllfiration were, Including the attB sites for 
Gateway recomblnaHon Qn hold) were PRM3204 (sense, start codon In italics) 5" 
GGGGACAA6T TTGTACAAAA AAGCAGGCTT CACA^reQCG CTCGAGGCTC 3* (SEQ ID 
5 NO 3) and PRM3205 (reverse, complementary stop codon in ftailcs) 5' 
GGGGACCACaTrQTACAAGAAAGCTGOGTMPT^CCTTAAAGTTG^ 3' (SEQ ID 

NO 4). 



PCR was perfomied using HiR Taq DNA polymerase in standard conditions. A PCR fragment 
10 of 764 bp was ampHfled and purifed also using standard mefriods. Hie first step of the 
Gateway procedure, the BP reaction, wae then performed, during which the PGR fragment 
recomblnes in vivo wKh the pDONR plasmid to produce, accorduig to tiie Gateway 
terminology, an ''entry clone^ p3359. PDONR was purdiased fix)m Invltrogen, as part of the 
Gateway technology. 

15 

Example 2: Vector construction 

The entry clone p335d was subsequently used in an LR reaction with p0640, a destination 
vector used for rice transformation. This vector contains as functional elements within the T- 
DNA borders e plant selectable marlcer and a Gateway cassette intended for LR in vivo 
20 recombination with the sequence of interest already cloned in the donor vector. Upstream of 
this Gateway cassette lies the rice GOS2 promoter for constitutive expression of the zinoflnger 
gene (De Pater et ah. Plant J. 2 (6) 837-844, 1992). After the recombination stepj the resutting 
expression vector p3422 (Rgure 1) was transformed Into Agrobacterium strain LBA4404 and 
subsequently to plants. 

25 

Example 3: Transformation of a zinc-finger encoding gene into NIponbare 
IVIature dry seeds of the rice Japonica cultivars Nipponbare were dehusked. Sterilization was 
done by incubating for one minute in 70% ethanoi, followed by 30 minutes in 0.2%HgC12, 
followed by a 6 times 16 minutes wash with sterile distilled water. The sterile seeds were then 

30 germinated on a medium containing 2,4-D (callus inducHon medium). After incubation in the 
dark for fbur weeks, embryogenic, scutellum-derived calli were excised and propagated on the 
same medium.- After two weeks the calll were multiplied or propagated by subculture on the 
same medium for another 2 weeks. Embryogenic callus pieces were sub-cultured on fresh 
medium 3 days before co-cultivation (boost of cell division activity). Agrobacterium strain 

35 LBA4404 harbouring T-DNA vectors comprising a suitable selection marker, we re used for 
cocultivation. Agrobacterium was inoculated on AB medium vw'th the appropriate antibiotics 
and cultured for 3 days at 28*C. The bacteria were then collected and suspended In liquid co- 



28 



zaAt4__j>^ A ?rUA ' . ^7 24.12.2002 18:12:06 

070*Sn&PROV 

cultivation medium Id a density (OD600) of about" 1 . "me suspension was then transfened to a 
petti dish and the calO lmn«rsed in the suspension for 15 minutes. The caflus tissues were 
then blotted dry on a filter paper and transfened to solidified, ccxaiitivatton medium and 
Incubated for 3 days In the dark at 25''C. 

5 

Co-cultivated callus was grown on 2.4-l>contalnlng medium fbr 4 weeks in the dark at 28'C In 
the presence of a suitable concentration of the selective agent During this period, rapidly 
growing resistant caUus islands develop. After transfer of this material to a regeneration 
medium and Incubation in the Ught the erribiyogenlc potential was released and shoots 
10 devetoped in the next tour to live vireeks. Shoots were excised from the callus and Incubated 
fbr 2 to 3 weeks on an auxin-oontaining medium from which they were transferred to soil. 
Haidened shoots were grown under high humidity and short days In a greenhouse. Seeds 
were then han/ested three to five months after transplanting. The method yielded single locus 
transfonnantB at a rate of over 50 % (Aldemlta and Hodges. Planta, 199 612-617. 1998; Chan 
15 ef a/.. Plant MOI. Biol. 22 (3) 491-506. 1993. Hleief a/.. Plant J.. 6 (2) 271-282. 1994). . 

Example 4: Evaluation of Transformants 

Approximately 15 Id 20 Independent TO transfbrniahts were generated. The primary 
transfonnanls were transferred from tissue culture chambers to a greenhouse for growing and 
20 han«st of T1 seed. Sbc events of which the T1 progeny segregated 3:1 fbr presenoe/absence 
of the Iransgene were letalned. For each of these events, approximately 10 T1 seedlings 
containing the transgene (hetero- and homc^zygotes). and approximately 10 T1 seedlings 
lacking the transgene (nuilizygotes), were selected by PCI^. 

25 Vegetative growth and seed yield were measured as described above. An increase in the 
above-ground area, plant height, number of filled seeds, total seed yield per plant, han^st 
Index and number of first panicles, was found In rice plants transfomn«l with the zfrioflnger 
gene compared to control plants (lacking the ano-finger gene), it is surprisingly found that 
these beneficial gnswth characteristics were obtained In plants grown under nomnal or optimal 
30 growing condlttons. Whereas anolher gene of the STZ femily. Glycine max adnoflnger. was 
describe to enhance oold-isoleranoe in transgenic AraMdopsis plants (Wm et al^ 2001. Plant J., 
25: 247-59) It has now been demonstrated that-plants transfomned the zlno-flnger gene 
essentially similar to SEQ ID NO 1, dearty exceeded the performance of the normal growing 
vtfild-type plants, and that the effect of the gene was to increase the economical value of 
35 normal growing plants. 
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(i) Statistical analysis of phenotypic characteristics 

A two fiador ANOVA (analyses of variancs) corrected for the unbalanced design vras used as 
statistical model for the overall evaluation of plant phenotypic characteristics. An F-test was 
can'fed out on all the paranieters measured of all the plants of all the events translbnned with 
that gene. The F-test was canled out to dieck for an effect of the gene over all the 
transformation events and to vertfy an overall effect of the gene, also named herein "global 
gene effecf. if the value of the F test $hows that the data are significant, than it is concluded 
that there is a ''gene*' effect, meaning ^at not only presence or the position of the gene is 
causing the effect. The threshold for significance for a tme global gene effect is set at 5% 
probability level for the F test 

To check for an effect of the genes within an event, i.e., for a IlneH^pecrfic effiact, a t-test was 
performed wiQiln each event using data sets finom the trani^enic plants and the corresponding 
null plants. "Null plants" or l^uil segregants^ or "Nullizygotes* are the plants tr^ed In ttie 
same wev as the transgenic plant, but from which the transgene has segregated* Null plants 
can also be described as the homologous negative transformant plants. The threshold for 
significance for the t-test Is set at 10% probability level. The results for some events can be 
under or below this threshold. This is based on the hypothesis that a gene might only have an 
effect in certain positions in the genome, and that the occurrence of this position-dependent 
effect is not uncommon. This kind of gene effect is also named herein a "line effect of the 
gene". 

The p value is obtained by comparing the t value to the t distribution or alternatively, by 
comparing the F value to the F distribution. The p value Is the prcbabnity that the null 
hypothesis (null hypothesis being "there is no effect of the transgene") is correct. The threshold 
for significdnce is set at 5% p-value for the F test and 10% for the t-test 

(II) Vegetative growth measurements 

The selected T1 plants {approximately 10 with the transgene and appro;dmately 10 without the 
transgene) wens transferred to a greenhouse. Each plant received a unique barcode label to 
link unambiguously the phenotyping data to the corresponding plant. The selected T1 plants 
were grown on soil in 10 cm diameter pots under the following environmental settings: 
photoperiod= 11.5 h, daylight IntensHy= 30,000 lux or more, daytime temperature= 28°C or 
higher, night time temperature=f 22*C. relative humidity^ 60-70%. Transgenic plants and the 
-corresponding-nuiligy^OteAJjtfe!^ g^ side-by-side at random posit ions. From the stage of 
sowing until the stage of maturity (which is the stage wei^ there is no more increase in 
-biomassyjheLDl ants were oassed weektv thr ough a digit al imaging cabinet (examples of 
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pictures are shown In Figures 2A and 2B). At each time point digital Images (204ajc1638 pixels. 
16 million colours) were taken of each plant from at least 6 different angles. The parameters 
described below were derived In an automated way from the digital Imaged using Image 
analysis software. 

fal AtKWBarftund area 

Exults of the majdmum above ground area values are summarized In Table 1. The West 
shows that tor two of the six events, transgenic plants are significantly larger. The plants of 
event 84127 were approximately 21% larger. The plants of line 01642 also showed an 
Increase In blomass and an Increase of 108 % more above ground blomass. compared to the 
nuBlzygotes. was measured for these planis, with a probabllhy value forttie populations being 
equal, of nearly ^ro. 

In aU the 8 lines here analyzed, the transgenic plants showed higher or similar area above 
ground. There was no single line showing a negative effect on this paramet^. 
When an F-test was carried out on all the plants of aH the events tt became dear that the 
tiansgenic plants show a slgnfflcant Increase in above ground area. In average of 
apprDximateiy 20%. which Is alatlstically highly slgnlflcanl (p value=0.0). The data here 
presented Strongly indicates that the cause tor this increase In sdiove ground area fbr all the 
transformation events analy^d is due to the introduction In the plants of an STZ gene 
essentially ^'mliarto SEQ ID NO 1. 

Table 1: Maximum aboveground area of the events transfomied wnth STZ protein and their 
segregated null plants. 
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Eadh row corresponds to one event, for which the average maximum aboveground area 
(expressed in mm^) was determined for the transgenics and the null lines. P-vaiue stands for 
the probability produced by the t-test for each event The last row presents the average 
numbers for ail events. P-vaiue siBnds for the probability yielded by tfie F-test Dif stands for 
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ihe diff&tefi(^ In absolute va/ues beiween the tm> populations for each event &nd also 
globatfy. % dffis the ^me paramet&r expreBsed in percentBge. 



ft>) Number of primary nanicleg 

5 The results from ttie prlmaiy panicle counting are summarfeed In Tabfe 2. The transgenic 
plants of two events out of abc show an increase In primary panicle number (81642 and 84127) 
compared to their comespondlnf nulizygotes. with a probabiFity of the populations being equal 
of respecHvely 0,0497 and 0.307. 



10 Table 2: Number of primary panicles fbr the events transfonned with STZ protein. 
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Each row oom&sponds to owe event for which the number of primary panicles was counted tor 
the transgenics and the null lines, P-^value stands for the probability produced by the t-test for 
each event The last line presents ttie average numbers for all events. P-value stands for the 
probability yielded by the F-test. Dif stands for the dlfterenoe In absolute values between the 
15 two populations for each event and also globally. % dif is ffie same parameter expressed In 
percentage. 



(c) PlantJieiqht mMisurementa 

Results Of the plant height measurements are summarized In Table 3. For the transformation 
20 event line 81642 it is clearly shown that the presence of a STZ gene In the tnansgenfc plant 
causes an increase in plant height of at least 16%. Also for line 84127 there is a 9% increase 
In plant height for the transformed plants, compared to the corresponding nullizygotes. 
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Table 3: Mffldmum plant height obseived during the life pyde of transformed rice plants. 
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co/ie$pond!s to one 



event, for which the average maximum plant heiQht has been d^&mfned for the 10 
transgenics ami the 1Q nuU Ones, eaquessed in mm. The numeric ttmranca between the 
po8ltiv& plants and the negattva plants Is given (<m a« a® *® percentagie of difference 
tjetiifeen these plants (% dtt). f^lue stands for the probatMy produced by the t-test for each 
plant Bne. The last row presents the average numbers for all four events. Them, the p-value 
stands for the /H/alue dmWed Itom the F^st 



20 (III) Measurement of seed-related parameters 

The mature primary panicles were harvested, bagged, barcode-labelled and tfien dried for 
three days in the oven at 37°C. The panicles were then threshed and srtl the seeds collected^ 
The filled husics were separated from the amply ones using an air-blowing device. After 
separation, both seed lots were then counted using a oommerclally available counting 

25 madiine; The empty husks vuere discarded. The filled husks were weighed on an analytical 
balance and the cross-sectional area of the seeds vi«s measured using digital Imaging. This 
procedure resulted m the set of seed-related parameters described below. It was found plants 
transformed with the STZ gene had more seeds than corresponding control plants. Seed 
blomass was also increased compared to control plants. Upon analysis. It was found that there 

30 was also an Increase in the numtter of filled seeds. 



(a) Total number of filled seeds per plant 

Total seed number values are summarized in Table 4. The t-test shows that for two of six 
events (84127 and 89257), transgenic plants produce 30% and 26% respectively more filled 
35 seeds than the nuliizygotes. For a third line 81642 which Is also Identified for Increase above 
ground area and Increased plant height and Increased number of panicles. It Is now 
demonstrated that there are also Increased numbers of fitted seeds, with a probability of the 
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populations being equal of 0. Therefore it is now demonstrated that the ]ntroducGon of an STZ 
gene can be used to increase the number of seeds of a plant, growing In nonnal growth 
Circumstances, such es a cereal 



5 Table 4: Total number of fDIed seeds per plant for the events trainefbrmed with STZ protein. 



10 



nrfniedseed 








Une 


TR 




i -""V 






122,6 


162.3. J 




-24 }|0.0514 . . ; 


[816^2^ 1 


451 ! 


140.5 ! 


310.5 i 


221 f(o i 


1 84126 


243.3 i 


268.3 1 


-25.06 


:P . !|P:54?2 ' 


84127 i 




117 : 


90.3 ! 


26.75 } 




j89257 1 


147.3, J 


117 \ 


30.29 ] 


26 ilP/.?75^. J 




62.5 : 


8?;? \ 


-27*4 


:30..«Jlq,068i ^ 


Overall 


1199.3 1 


152.2, j 


47.oe 


34 ilSrflgSfL. J 



IS Each n:>w comsponds to one event, for which the average total seed number has been 
datBrmhned for the transgenics and the null Unas, expressed in units. P-value stmtds tor the 
probability produced by the t4est for each event The last Une of the table presents the average 
numbers for all events. P-value stands for the probability yielded by me P-test Dif stands for 
the difference In absolute values between the two populations for each event, and also 

20 globally. % difis the same parameter expressed In percentage. 

(b) Total seed yield per plant 

The totei seed yield of the transformed plants are summarized In Table 5. The t-test shows that 
for two of the events identifsod for increased number of filled seeds (84127 and 89257), 
25 transgenic plants produce significantly more seed weight than the nuItl2ygotes. Also for the 
third plant Une 81642 described for increase number of filled seeds, the transgenic plants show 
an Increased number of filled seeds of 202% compared to the corresponding nuUizygote plants 
of that plant line, with a probability of the populations being equal of nearly 0. 
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Table 5: Total 



seed yield per plant for the events transfbrmed vi/Mh STZ prtrteFn 
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Eadr mw corresponds to one event, fer which the average total seed yield hae been 
determined for the transgenics and the null lines, expressed in grams, P-value stands for the 
probability produced by the t-4est for each event The lastttne of the table presents the average 
numbers tor all events. P-value stands for the probability yielded by the F^st Dffstanda tor 
the difference in absolute values between the tmo populations tor each event, and also 
gkOia^. % dlfte the same parameter expressed bt percentage. 

frf Harvest Index 

The harvest Index tn tha present invention Is defined as the ratio between the total seed yield 
and the abcwe ground area (mm"), multiplied by a factor 10^ Introducbon of a nucleic add 
essenflally similar to SEQ ID NO 1 results In an increase in harvest Index. The harvest Index 
values of the STZ-transgenIc plants are summarized in table 6. For two lines of which the 
transgenic plants were identified to have an increase in total seed yield (lines 81642 and 
89257), the transgenic plant now show to have also an increase in han/est Ind^ of 43% and 
18% respectively. 



Table 6: Han/est Index for the events transformed with STZ protein 
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t 
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Xnr^ .D NO L » en*C <m abo» gHxmd a,ea, on p.an, he^ nu-t^ro, 
(Bad aeada. on <he aead yield pnrfuce<U on the nun4»r of lirs. i^nWas 

harvest index. 

15 From the evaluation date It Is clear that me,« v^s a variation bet^en the different 
transfonnation events (diflte^nt plant lines each t,.nsfonned with the ^^"f ^^en^'* - 
well known to pereons skilled In the art. for example a plant molecular btologtet. that the 
. expression of transgenes In plants, and hence also the phenotyplcal eiifect due to expressl«i 
of such transgene. can dllfer dramatically among different Independently obtained transgenic 

20 lines and pn^geny thereof. The transgenes' present in different independently obteined 
transgenic plants differ ftom each other by the chromosomal insertion locus as well as by the 
number of transgene copies Inserted in that locus and the configuration of those transgene 
copies m that locus. Differences in expression levels can be ascribed to influence from the 
chromosomal context of the transgene (the so-called position effect) or ftom s.lenang 

25 mechanisms triggered by certain transgene configurations (e.g. inwards f&dng tendem 
insertions of Iransgenes are prone to silencing at the transcriptional or post4ranscrlptional 
level) The exact configuration and inserUon ioci of the dilferent events have not yet been 
detemiined. and expression levels have not been measured, in the some, negative effe(^ 
rnay be obsen/ed for example in cases when an essential gene is totally silenced instead of 
30 being overexpressed (or mlsexppsssed). 
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Claims 

1. Method for modifying plant growth characteristics, comprising modulating expresston in 
a plant of a nucleic acid sequence enpoding a zino-flnger protein and/or modulating 

5 activity In a plant of a zinc finger protein . 

2. Method for modifying plant growth characteristics, comprising exogenous appflcatlon of 
one or more compounds or elemente* capable of modulating expression of a gene 
encoding a zIno4Inger profein and/or capable of modulat&ig actMly cf a zinc finger 

10 protein. 

3. Method for the production of plants, having modifled growth characteristics, comprising 
introducing. Into a plant, a nudeic add sequence capable of modulating acttviiy of a 
zinc finger protein and/or capable of modulating expression of a zinc-finger gene. 

15 

4. iwethod ftor producing plants having altered growth characteristics, which method 
comprises: 

a) Transforming a plant cell wHh a nucleic add sequence capable of modulating 
expression of a gene encoding a Zlnofinger proiBln and/or capable of moduiafing 

20 the acHvIty of a :dn&-flnger protein; 

b) Cultivating said plant cell under conaitfons promoting regeneration and mature plant 

, gnswth. 

5. Method acconling to any of dalms 1 to 4, wherein said growth characteristic Is any one 
25 or moro of: increased yield, increased ialomass. Increased total above-ground area. 

increased plant height, increased numtier of tillers, increased number of first panldes. 
Increased number of second panldes. increased number of fiUed seeds. Increased total 
seed yield per plant, increased harvestlndex. increased yield stability. 

30 6. Method according to any of claims 1 to* 5, wherein the growth characteristics of a plant 
Is Improved, said plant growing In growing conditions other than cold-stress cmditlons. 
such as under nomial or optimal growing conditions, when compared to a wild^pe 
plant growing In the samegrowrtng condifions, 

t 

35 7. Method according to any of claims 1 fo'.6 wherein said zinc-finger protein comprises at 
least two zinc-finger domains, preferably, wherein said zino-flnger protein is derived 
from a dicot, further preferably derived from Arabidopsls, further preferably wherein 
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said protein is a STZ protein or a homo^ue. derivative or functional fragment thereof, 
further preferably a prot^'n as presentee^ by SEQ ID NO 2. 

B. Method according to any of claims 1 to 7 wherein said plant Is a monocot plant, 
5 preferably a cereal, further preferably! a pmlant selected from rice, maize, wheat. 

barley, soybean, sunflower, cenola. sugarcane, alfalfa, millet, barley, rapeseed and 
cotton. I 

9. Method according to any of claims 1 to 8 wherein said gene capable of modulating the 
10 activiv of zinofinger protein Is driven by a constitutive promoter, such as the GOS2 

promoter. 

10. Genetic construct comprising: 

a) a nudeiG acid sequence capable' of modulating expression of a nucleic add 
15 encoding a ^o-finger protein, preferably a protein with at least two zlno-finger 

domains, further preferably a STZ protein 

b) a control sequence capable of driving expression of the nucleic acid sequence of 
(a); and optionally ! 

c) a transcription termination sequence. 

20 

11. Genetic construct according to daim 10, wherein said control sequence capable of 
driving expression of a nucleic add encoding a zinc-finger pnstein^ is a constitutive 
promoter, preferably a GO&2 promoter. 

25 12. Host cells containing an isolated nucleic acid molecule encoding a zinc-finger protein. 

preferably a protein with at least two 'zinc-finger domains, further preferably a STZ 
protein,, operably linked to a 60S2 promoter. 

13. Plant obtainable by a method accordIi)g to any of claims 1 to 9, which plants have 
30 modified growth characteristics. | 

i 

14. Transgenic plant having altered growth characteristics, containing an Isolated nucleic 
add molecule encoding a zlno-finger protein. 

_3.5 15. Plant part, preferably harvestable p larjit part,- a pnopagule or progeny from a plant 

according to claim 13 or 14. ~ ^ 

I 
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16. Use of a nucleotide sequence capably of modulating expression of a nudelc apid 
encoding a zino-finger protein or us© of p protein capable of modulating tte activHy of a 
zino-finger protein, preferably a protein with at least two zlno-flnger domalne.. further 
preferably a STZ protein, to ater plant growth characteristics. 



17. Use of a nudeoUde sequence In breeaJing programs, wWch nuoleotidd sequence is 
capable of modulating expression of ai nucleic acid encoding a Jdne-flnger protein or 
capable of modulating the acfivity of a zinoflnger protein, preferably a protein with at 
least two zlno-flnger domains, further praferabiy a STZ protein. 



18. Use of a zinc-flnger gene or a zinoflnger protein, preferably a protein with at least two 
zlno-flnger domains, llirther preferably a STZ protein as a growth regulator, such as a 
herbicide or a growth stimulator. 

19. Use of a zino-flnger gene or a zinc-finger protein, preferably a protein with at least bwo 
zlno-flnger domains, further preferably a STZ protein as a target of an agroehemlcal 
compound, such as a herbidde or a growth stimulator. 



20. Composition comprising a protein essentially similar to SEQ ID NO 2, for use as a 



5 



20 



growth nagulator. 



I 

I 
I 
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Abstract 

Plants having modified growth characteristics and a method for 
5 mailing the same 

The present invention concerns a method for modifying the growth characteristics of plants by 
modulating expression in a plant of a nucleic acid sequence encx^ding a zinc-finger protein 
to and/or modulating activity In a plant of a zino-finger protein. The inventton also relates to 
transgenic plants having modified growth chaiacteristics, which plants have modulated 
expression of a nucleFc acid encoding a zlno-finger protein. 

15 



40 

t 
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T-rbcS-deltaGA. 

RBf^peatnopaline 
RBTIC58 




G0S2 promoter 
twos 

scceenable marker 
GonsUtuilva prom^ 

selectable marker 

selectable marker 

TATA box 
constituHve promoter 



pBR322(oriH-bom) 



Sm/SpR 
LB Ti C58 
LB repeat nopaline 



FIGURE 1 
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S^Q ZD NO 1: Arabld.opsis tihaliana CDS153 6 cDNft. 

Aa.T(3gcgctcgaggctctt:acatcaccaagattagctt:Gt:ccgatt:cctcctbt0tticgaag 

attcttcagtcttecatggagtcgagcaLCtggaoaaagggtaagcgatctaagagatcaaga 

tccgatttccaccaccaaaacctcactgaggaagagtatctagctttttgcctcatgattct 

cgctcgcgacaaccgtcagcctcctcctcctccggcggtggagaagtfcgagctacaagtgta 

gcgtctgcgacaagacgttctcttcttaccaagctctcggtggtcacaaggcaagccaccgt: 

aagaacttatcacagactctctccggcggaggagatgatcafctcaacctcgtcggcgacaac 

caoatccgccgtgaatactggaagtgggaaatcacacgtttgaaccatctgtaacaagtctt 

ttccttccggtcaagGtcfcGggcggacacaagcggtgccactacgaaggaaacaacaacatc 

aacactagtagcgtgtGcaactccgaaggtgcggggtCGaatagccacgtt-agcagtagcGa 

ccgfcgggtttgacctcaacatccctccgatCGctgaatfcctcgatggtcaadggagacgacg 

aagtcatgagccctatgccggcgaagaagcctcggtttgactttccggtcaaacttcaaGtt 

TAAggaaatt 



SEQ ID NO 2 s Arabidopsis ttialiaiia protein 

Maleal t spr 1 aspippl f edee vfh.gve]iwt kgkr skr sr sdf hhgnl t ^ 

axdiarqpppppaveklsykcflvcdktf0eyqalgghIcaslMr3mlsqtlsgggddh 

tsavttgsgkelavcticnksfpsgqalgghkxchyegiionintssvsneegagstsh^ 

xgfdlnippipefsniviigddavmspinpakk^jrfdfpvklql 



SEQ XD XTO 2: domaiXLS 

Maleal t aprl aaplppl f edssvf hgvehwtAffArg&rgr gdf hhgnlfceeeylafcliid^ 

ardnrqpppppa vekl aykjcsvcdktf s sygalggfakashlr knl s qtl sgggddhs bs s at t 

tsavttgagkahv lcirlenksfpsgqalgghJcrca^ 

rgf dlnippipef smvTigddevmspmpakkprf df pvkl ql 



SEQ ID HO 3 2 PRM3204 (sense, Start codon in italics) 

5' TTCTACAAAA ^SAGCAGSCTT CACAATiCSGCG CTCGAGGCTC 3' 



SEQ ID NO* 4: PRM3205 (reverse, complementary stop codon in 
italics) 
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A 



__,ARAJ\tte^773 
AR\/^iBQ04M 

Nt/MKC0e24 

^Ar^J\ege745 

BCMB5328 

OsJ»=332a7 

Ta.,pAA0a9O1 



B 



jARAAM 927730 
lAReLCDSISaS 



■.Ara_Al3g19580 



-Arajfti5&67450 
— Br jAAB532Q0 



-.Qry»J09602 



-NU^AC0e243 



-M5tJCAB77055 
-PIUBAAOBOTS 



FIGURE 4 
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<110> CrapDesign W^V. 



<120> Planta having modified srowtli charactexistica and -a method for making tJie 



<130> 070-STZ-PHOV 



<I70> PateaotXn version 3.1 

<2X0> 1 

«2il> 

<212> 

4c2i3> Axabidppsls thaliana 





gaggctctta 


catcaccaag 


attagctfcct 


ccgattcctc 


ctttgtbcga 


60 


agattcfcfcca 


gtcttqaatg 


gagtcgagca 


ctggacaaag 


ggtaagcgat 


ctaagagafcc 


120 


aagatccgat 


btccaccacc 


aaaaactcac 


tgaggaagag 


tatctagctt 


tttgcctcat 


180 


gcttCtcigct 


cgcgauaacc 


gtcagcctcc 


tcctcctccg 


gcggtggaga 


agttgagcta 


240 


caagtguagc 


gtctgcgaca 


agacgttctc 


ttcttaccaa 


gctctcggtg 


gtcacaaggc 


300 


aagccaccgt: 


aagaacutat 


cacagactct 


atcaggcgga 


ggagatgatc 


atucaacctc 


350 


gtaggcgaca 


accacatccg 


ccgtgactao 


tggaagtggg 


aaatcacacg 


tttgcaccat 


4:20 


ctgtaacaag 


fccttttccfct 


ccggtaaago 


tctcggcgga 


cacaagcggt 


gccactacga 


480 


aggaaacaac 


aaoatcaaca 


ctagtagcgh 


gtncaacfccc 


gaaggtgcgg 


ggfcccactag 


540 


ccacgttagc 


agtagccaco 


gtgggtttga 


cctcaacatc 


cctccgatcc 


ctgaattctc 


SCO 


gatggtcaaa 


ggagacgacg 


aagtcatgag 


cactatgccg 


gcgaagaagc 


ct^sggtttga 


660 


cfcttccggtc 


aaacttcaac 


fcttaaggaaa 


tt 






692 
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. OT25 . tdct 



<212> 'BRT • 
<400> 2 

Mec Ala Leu Qlu Ala Leu Tte Ser Pro Arg I.eu Ala Bar Pro Ilo Pro 
1 5 

Pro r.eu Bhe Qlu Asp Ser Ser Val Phe His Qly Val Qlu His Trp Ote 
20 

liva Gly Xiye Arg Ser Lye Arg Ser Arg fier Aw PH© His Hie Qlu Asn 

35 ■ 40 45 

Leu Thr Glu Glu Glu Tyr Leu Ala Phe Cys Leu Met Leu Leu Ala Arg 
SO 5S «0 

Asp Asn Arg Gin Pro Pro Pro Pro Pro Ala Val Glu Lys Leu Ser Tyr 



65 



70 



Lye Cys Ser Val Asp Lys Hir Phe Ser Ser Tyr Gin Ala L©U Oly 

es 90 P5 

Glv Hifi Lys Ala ser His Arg Lys Asn Leu ser Glu Thr Leu Ser Oly 

100 105 110 

Glv Gly Asp Asp His Ser Thr Ser Ser Ala Thr Thr Thr Ser Ala Val 
11.5 120 125 

Thr Thr Gly Ser Gly Lys Ser His Val Cys Ttir lie Cys Asn Lys Ser 
130 135 140 

Phe pro Ser Gly Gin Ala Leu oly oly Hia Lya Arg Cys His Tyr Glu 
145 150 155 ISO 

Gly Asn Asn Asn lie Aau Thr Ser Ser Val Ser Aan Ser Glu Gly Ala 
165 170 175 

Gly Ser Thr Ser His val ser ser Ser His Arg Gly Phe Aap Leu Asn 
180 185 • 190 

lie pro Pro He Pro Glu Phe Ser Jwet Val Asn Gly Asp Asp Glu Val 
195 200 205 

Met Ser Pro Met Pro Ala Lys Lys Pro Ai^ Phe Asp Phe Pro Val Lye 
210 215 220 

Page 2 
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070-STZ-PHOV. ST25 . fcxt 



lieu 61n Leu 
225 



«c2103> 3 

<21i> 50 

<212> DNA 

<ZX3> Artificial sequence 



<220;> 

«223> forward primoar PHM3204 

gSScaJgt ttgtacaaaa aagcaasctt cacaatQgcg ctcgaggccc SO 

<210> 4 

<211> 49 
«2X2> 

<213> Artificial sequence 
<220> 

«:223> reverse primer PRM3205 

^S^algt ttgtacaaaa aagcaggctt cacaatggcg ctcgasgct « 
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